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HIS report deals with a case in which nonspecific pneumonitis was situated 
in the apex of the left upper lobe. The lesion produced some symptoms 
characteristic of the superior pulmonary suleus syndrome, and the pathologie 
findings in the resected left upper lobe resembled those of the so-called middle 
lobe syndrome reported by Graham, Burford, and Mayer’ as a disease entity. 





REPORT OF CASE 


On April 12, 1949, a 33-year-old married woman who was six months’ pregnant, 
registered at the Mayo Clinic because a lesion in the apex of the left upper lobe had been 
discovered by her family physician. Review of her past history revealed no previous seri- 
ous illness. Each spring for the past seven or eight years she had had mild pyrexia which 
had been controlled easily by administration of pyribenzamine. In addition, she stated that 


’? on two oeceasions. On each oceasion, 


during the previous winter she had had ‘‘ bronchitis 
the ‘‘bronchitis’’ had lasted about ten days and had been characterized by fever and a 
tight paroxysmal type of cough that became productive as she improved. In the course of 
the ‘‘bronchitis’’ her temperature had been as high as 103° F. She had been treated with 
sulfonamide drugs during each episode, and complete remission of her symptoms had 
occurred. 

Six weeks before the patient came to the clinic, a nonproductive persistent cough had 
developed and had been accompanied by pain over the anterior portion of the left side of 
the thorax. During the next four weeks these symptoms had become progressively worse 
and the pain had begun to extend to the left shoulder and down the medial aspect of the 
left arm to the elbow. The cough had become productive of about 1 tablespoonful of clear 
phlegm in twenty-four hours, and on one day her temperature had been 101° F. 

About a week before the patient came to the clinic, her family physician had found 
a ‘‘lump’’ in the left supraclavicular region. Pressure on this ‘‘lump’’ had caused the 
pain to extend to the left shoulder and down the left arm. During this time, she had re- 
ceived 1,200,000 units of penicillin without any noticeable benefit. Roentgenographic ex- 
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amination of the thorax had revealed a shadow in the apex of the left lung. Examination 
of the sputum had disclosed adenocarcinoma cells but examination of numerous specimens had 
not revealed any acid-fast micro-organisms. Since her family physician believed that the 
patient possibly had a Pancoast tumor, he referred her to the clinic for further study. 
When the patient came to the clinic on April 12, the pain in the left shoulder and 
left arm was present almost continuously, and codeine had to be administered several times 
a day for relief. There was no history of hemoptysis or loss of weight; on the contrary, 
she had gained a few pounds since she had become pregnant. The patient was well de- 
veloped and well nourished, with a normal pregnancy of six months’ duration. Blood pres- 
sure was 100 mm. of mercury systolic and 70 mm. diastolic in her left arm and 106 mm. 
systolic and 60 mm. diastolic in her right arm. The pulse rate was 104 per minute and the 
temperature was 98.4° F. In the left supraclavicular area was a hard mass about 5 by 4 
by 4 em., which transmitted the arterial pulsations. Dullness to percussion was present 
over the apex of the left lung and the breath sounds were decreased posteriorly in the area 
of the lesion. The physical findings otherwise were normal. Horner’s syndrome was not 


present. 


b. 


Fig. 1.—a, Postero-anterior roentgenogram of thorax showing dense shadow at apex of 
left upper lobe and increase in size of lymph nodes at hilus of the left lung; b, lateral roent- 
genogram showing shadow high in the posterior portion of apex of left upper lobe. 


The erythrocyte and leucocyte counts were 5,500,C00 and 7,000 per cubie millimeter of 
blood, respectively, the value for the hemoglobin was 8.2 Gm. per 100 c.c. of blood (55 per 
cent), the sedimentation rate of the erythrocytes was 120 mm. in one hour (Westergren), the 
results of Kahn and Kline tests on the serum were classified as plus-minus, and the 
urine was essentially normal. Cytologic examination of the sputum on two occasions did 
not disclose any malignant cells, Examination of smears of the sputum obtained by the 
ordinary method and by the concentration method did not disclose any acid-fast micro- 


organisms. 

Roentgenographie examination of the thorax revealed a rather dense homogeneous 
shadow in the left apex, fan-shaped strands of increased density radiating from the hilum, 
and a slight increase in the size of the lymph nodes in the left hilar region (Fig. 1, a and 
b). Roentgenograms of the thoracic segment of the spinal column did not reveal any evidence 
of bony involvement. The shadows in the roentgenograms of the thorax were interpreted as 
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probably indicative of superior pulmonary suleus tumor (bronchiogenic carcinoma) of the left 
upper lobe. It was felt, however, that the presence of pulmonary tuberculosis should be ruled 
out. 

Bronchoscopic examination did not disclose any abnormality, and cytologic examination 
of the secretions and smears obtained from the left upper lobe bronchus did not reveal any 
malignant cells. 

After bronchoscopy, the patient had irregular uterine contractions, which she charac- 
terized as being typical of labor pains. These were controlled by rest in bed and by the 
administration of sedatives, stilbestrol, and corpus luteum extract. 

In spite of the fact that bronchoscopy and examination of the sputum did not reveal 
that the lesion in the left upper lobe was of a malignant nature, it was felt that the pres- 
ence of the mass in the left supraclavicular area, the abnormal density in the roentgeno- 
gram of the left upper lobe, and the symptoms necessitated an exploratory thoracotomy. 

The patient was kept in the hospital for a few days for preoperative preparation 
because of the anemia and threatened miscarriage. She received three blood transfusions 
of 250 c.c. of whole blood each time, and therapy was continued to prevent premature labor. 


Fig. 2.—Postero-anterior roentgenogram of thorax made on the thirteenth day after lobectomy. 
The left lower lobe is expanding to fill the defect caused by removal of the upper lobe. 


On April 19, 1949, an exploratory thoracotomy was performed by one of us (Clagett) 
by means of a left posterolateral incision and resection of a long posterior segment of the 
fifth rib. A firm, nodular lesion was found in the extreme apex of the upper lobe of the 
left lung. The mass was firmly adherent to the thoracic wall. It was grossly suggestive 


of a superior suleus tumor of a malignant nature. The lung was dissected free through 
an extrapleural line of cleavage without difficulty. The upper lobe of the left lung was 
removed by dividing and ligating the hilar vessels individually. The bronchus was closed 
with a single row of interrupted silk sutures, and the bronchial stump was covered with 
pleura. The thoracic wall was closed in layers, and two intercostal catheters were inserted 
for temporary closed drainage after instillation of 200,000 units of penicillin into the 
pleural space. 


The convalescence was uneventful except for occasional irregular uterine contractions 
in the immediate postoperative period. The patient was permitted to return to her home 
on the fourteenth day after the operation. On the thirteenth day after the operation, 
roentgenographic examination revealed that the lower lobe of the left lung was expanding 
to fill the defect caused by excision of the upper lobe (Fig. 2). 
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In the extreme apex of the excised lobe there was a very firm nodular lesion which 
measured 6.5 by 4 by 4 em. (Fig. 3). The pleura over the lesion was firmly adherent, 
greatly thickened, and reddened. The remainder of the lobe was aerated and grossly normal. 


On section, the involved portion of the lobe was firm and whitish yellow in appear- 
ance. The involved firm and contracted segment corresponded to the posterior apical 
division of the left upper lobe bronchus. The lobar lymph nodes were enlarged and moder- 
ately firm. They closely encircled the left upper lobe bronchus and its divisions. 


Fig. 3.—Firm, whitish-yellow patch of pneumonitis in the apex of the left upper lobe. This 
represents an advanced stage of pneumonitis. 


The hilar lymph nodes are enlarged, and 


Fig. 4.—Mediastinal surface of left upper lobe. £4 
of pneumonitis. 


normal appearing bronchi end as a “pencil point” in the region 


The bronchi showed no evidence of extrinsic bronchial compression, endobronchial 
Rather, the involved posterior apical bronchus and its 


lesion or bronchiectatic changes. 
’? which 


branches were gradually reduced in caliber to a point, similar to a ‘‘pencil point, 
ended in the region of the lesion (Fig. 4). 
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Microscopic examination of the consolidated portion of the lobe revealed inflammatory 


cells including polymorphonuclear leucocytes, lymphocytes, eosinophils and _ lipoid-filled 


phagocytes, and abscesses. In this portion, there was marked fibrosis (Fig. 5). In the 
adjacent pulmonary tissue the alveolar spaces were dilated and congested with serum, 
erythrocytes, and large mononuclear phagocytie cells. 

The bronchi were not filled with secretion. In this respect, the microscopic appear- 
ance differed from that resulting from obstructive pneumonitis? in which the bronchi often 
contain secretion and cellular debris, 


Fig. 5.—Diffuse pneumonitis with inflammatory cells, lipoid-filled phagocytes, abscesses, 
marked fibrosis (hematoxylin and eosin stain, 100). 


COMMENT 


,ancoast’s conclusions® * concerning the syndrome bearing his name are 
well known. This syndrome has since been known by various names, and it 
has been established by numerous authors that any tumor situated in the 
region of the thoracic inlet will likely produce the characteristic symptom com- 
plex of involvement of the brachial plexus and the cervical sympathetic chain, 
and that bone will be involved as the mass enlarges and infiltrates. Herbut 
and Watson,’ in 1946, in a comprehensive review of the literature on Pancoast’s 
syndrome, found 134 reported cases plus an additional 31 cases mentioned in 
discussions at medical meetings. They also reported 17 cases which they had 
observed. All features of the syndrome were not present in each individual 
case, but the authors said that the disease had been universally due to a malig- 
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nant lesion and had always proved fatal. It, therefore, was of interest to us 
to report a case in which a benign lesion of the upper lobe of the left lung 
produced early changes characteristic of a superior pulmonary suleus tumor 
(Pancoast’s syndrome). We felt that the short duration of the patient’s illness 
before resection of the left upper lobe was performed accounts for the absence 
of the more serious symptoms and signs of the superior pulmonary sulcus 
syndrome. 

It was also of interest to us that the pathologie examination of the excised 
lobe in some ways resembled the picture of the so-called middle lobe syndrome. 
Graham, Burford, and Mayer’ introduced the concept of a middle lobe “atelec- 
tasis” of nontuberculous origin as a disease entity and reported 12 cases in 
which they felt that the pathologie changes of bronchial stenosis and obstruc- 
tive pneumonitis had resulted from enlargement of the hilar lymph nodes 
which had produced extrinsic bronchial compression. They also said that this 
may be caused by the spread of infection through the bronchial wall, but they 
did not report any cases. 

The excised upper lobe of the left lung in our case contained enlarged, 
firm lymph nodes which encircled the left main bronchus and left upper lobe 
bronchus. These nodes produced no extrinsic compression of the bronchus, 
endobronchial stenosis, or bronchiectatiec changes in the upper lobe of the left 
lung. The pathologie changes in the involved parenchyma of the lobe were 
typically those of a nonspecific inflammatory pneumonitis. 

It is suggested that the term “middle lobe syndrome” does not represent a 


distinet entity of a middle lobe “atelectasis” but that the same pathologie pic- 
ture may be produced elsewhere in the lungs, without bronchial stenosis and 
the bronchiectatie changes of obstructive pneumonitis. 
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EXFOLIATIVE CYTOLOGY 
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RONCHIOGENIC carcinoma has elicited considerable attention since this 

form of carcinoma has shown a steady increase in incidence during the 
past thirty years, while the incidence of carcinoma of the skin, uterus, stomach 
and duodenum, or liver and gall bladder has remained approximately the 
same.’ ? Thus it was reported by Jeuther and associates* that in a series of 
35,819 autopsy reports collected in various hospitals in Prague, bronchiogenic 
carcinoma constituted only 1.3 per cent of all the carcinomas encountered at 
post-mortem examination in 1894, and rose to 12.7 per cent in 1943. Although 
various theories as to the reason for such an increase have been advanced, no 
conclusive evidence has been produced to incriminate any one environmental 
factor other than exposure to radioactive ores.t. As long as the direct agent 
remains obscure, only early diagnosis and early treatment can serve to check 
the mortality from this disease. 

Much has been written about the nonspecificity of symptoms, the non- 
revealing findings on physical examination, and the deceptive radiologic find- 
ings which frequently accompany the early lesions, particularly the early 
peripheral lesions. As a result, many bronchiogenic carcinomas remain undiag- 
nosed until too far advanced for surgical intervention. Overholt® pointed out 
that in a series of 165 patients with lung cancer, 63 per cent were misdiagnosed 
at initial examination, and were treated for long periods of time for tubereu- 
losis, unresolved pneumonia, lung abscess, bronchitis, ete. An average of nine 
months elapsed from the time the first symptoms were noted until the diagnosis 
of carcinoma was definitely established, the physician having been responsible 
for five months of the delay. With the average survival from the first symp- 
toms in untreated cases only 10 to 14.5 months,® it is obvious that earlier recog- 
nition is imperative. Bronchoscopy has certainly contributed a great deal in 
this respect since it has made possible tissue diagnosis in 60 to 70 per cent of 
the cases.“ 7 Churchill admitted, however, that these figures are based on 
series heavily laden with advanced and inoperable lesions. Bjérk,® who has 
broken down his statistics into more detailed categories, revealed that in cen- 
trally located tumors the bronchoscopic biopsy was positive in 86 per cent of 
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the cases, in intermedially located tumors only 30 per cent, while in peripherally 
located tumors no positive biopsies were available. These statistics indicate 
that further diagnostic procedures, which would more consistently reveal tumor 
regardless of its location in the tracheobronchial tree, would serve as valuable 
adjuncts in the diagnosis of this disease. 

The microscopic examination of sputa and bronchial aspirations has be- 
come recognized as a constructive adjunct to diagnosis. It has been demon- 
strated that carcinoma cells can be identified in smears of expectorated or 
aspirated bronchial secretions by virtue of the exfoliation of these cells into 
the lumen of the bronchi (Figs. 1, 2, 3, and 4). The classi¢ report on this work 
is that of Wandall,* who was able to recognize malignant cells in the sputa in 
84 per cent of his cases of bronchiogenie carcinoma. In our experience with 
the eytologie diagnosis of lung lesions, we were able to make some further ob- 
servations pertaining to the use and abuse of this method. We have thoroughly 
reviewed the literature and studied smears from a series of 270 patients who 
were admitted to Chest Service and General Medicine Service of Barnes Ios- 
pital for diegnosis and treatment of lung disease. Ineluded in our group are 
100 cases of bronchiogenie carcinoma, 5 metastatic lung tumors, 2 recurrent 
bronehiogenie carcinomas, + adenocarcinomas, grade 1 (so-called bronchial 
adenoma), and 159 benign lung lesions, 


MATERIALS AND METHODS 


We began our study by organizing the work so that we could demonstrate 
the practicability of routine cytologic examination on patients admitted to the 
hospital for diagnosis of lung disease. We requested that fresh, early morn- 
ing sputum specimens—not night cups or 24-hour collections such as are used 
for acid-fast studies—be sent to our laboratory on three consecutive mornings 
plus any available bronchial secretions aspirated at bronchoscopy. Whenever 
cells suggestive of but not absolutely consistent with the criteria of malignaney 
were found, a special request for additional material was made. Naturally it 
was not always possible to obtain the desired number of specimens. Four slides 
were prepared from each specimen. These were fixed in a solution of equal 
parts of ether and 95 per cent alcohol as soon as the material had been smeared 
and the film on the slide was still wet. After one hour of fixation these were 
stained according to the modified Papanicolaou procedure described by Gates 
and Warren.® This stain was preferred to the regular hematoxylin and eosin 
since the relative transparency of the cytoplasm allows greater clarity of detail 
and the polychrome tinctorial qualities are more restful on the eves during the 
long periods of time required for interpretation of the slides. The slides were 
then sereened, a procedure which usually took 15 minutes per slide for the nega- 
tive cases, often much longer for borderline cases. Only three interpretive cate- 
gories were used: positive, negative, and suspicious; an intense effort was made 
to eliminate the latter category whenever possible. Many of the suspicious and 
all of the positive cases were reviewed by Dr. Ackerman before a report was made 
to the clinician. 
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Fig. 1. Fig. 2 


Fig. 3. 
Fig. 1.—Cluster of malignant cells (320). 
Fig. 2.—Single hyperkeratinized carcinoma cell (1,575). 
Fig. 3.—Tadpole cell (1,575). 
Fig. 4. 3ird’s-eye formation (X1,440). 
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RESULTS 


Our results in general do not compare too favorably with some of the 
enthusiastic data published by other investigators, perhaps by virtue of our 
extreme conservatism in making positive reports (Table I). Only when a sub- 
stantial number of cells adhering strictly to the established criteria was seen 
was a positive report made. 


TABLE I. ACCURACY OF TIE METHOD REPORTED BY OTHER INVESTIGATORS 








CYT. POS, | FALSE NEG, | FALSE POS, 
(xo.) | (%) | (N0.) | (%) |___(N0.) 
84 84 16 16 

82.4 10 17.6 
74 14 26 
80 14 20 


NO. OF CASES 
AUTHOR IN SERIES 
Wandalls 193 
Herbut and Clerf10 ? 
McKay and associates!! 170 
Farber12 500 


NO, OF CASES 
BRONCH, CA, 
100 
57 
54 
71 











Of the 270 cases studied at Barnes Hospital, 100 showed primary bronchio- 
genic carcinoma. In 81 instanees the clinical diagnosis was histologically con- 
firmed by the following means: 


Pneumonectomy 
Exploratory thoracotomy 
Bronchosecopie biopsy alone 
Aspiration biopsy 
Necropsy 

Lymph node biopsy 


25 
33 
12 


~ 


4 


5 


a 
In the remaining 19 cases a clinical diagnosis of bronchiogenie carcinoma was 
made on the basis of symptoms, physical and x-ray findings, and distant 
metastases in one ease to the ulna, and in another to the brain. From the 100 
primary carcinomas, positive smears were obtained in 61 cases, suspicious in 8 
cases, and negative findings were reported in 31 (see Table II). <A positive 
bronchoscopic biopsy was obtained in only 38 per cent of the cases. Smear 
and biopsy were positive simultaneously in 25 instances, smear was positive 
alone in 36, while biopsy was positive alone in 13 cases. Thus when both 
methods were used to complement each other a correct preoperative micro- 
scopic diagnosis was made in 74 per cent of the cases. This finding is almost 
identical to that reported by Liebow and associates'* whose positive preopera- 
tive microscopic diagnoses increased from the 38 per cent available from 
bronchoscopic biopsies alone to 76 per cent by use of the smear. 


TABLE II, CytToLogic REPoRT OF BARNES HOSPITAL CASES 











CONFIRMED BY TOTAL NEGATIVE 


25 


POSITIVE SUSPICIOUS 
Pneumonectomy 16 0 
Thoracotomy 20 
Bronchoscopic biopsy : 7 
Aspiration biopsy 2 
Necropsy 1 
Biopsy of nodes é 2 
Clinically positive 13 
Total 61 








|x ioe OSC 








JACKSON ET AL.: EXFOLIATIVE CYTOLOGY 


DISCUSSION 


One of our first concerns in the study of the cytologic method was whether 
sputa or bronchial secretions were more satisfactory for the purpose of making 
and interpreting the slides. Herbut and Clerf,'® as well as MeKay and asso- 
ciates, reported that better results were obtained by use of bronchial aspira- 
tions collected at bronchoscopy than by expectorate, because these secretions 
were less dilute and devoid of cells from the mouth or pharynx which might 
eause confusion. Theoretically the aspirated secretions should be more likely to 
contain tumor cells since the material is taken directly from the area of the neo- 
plasm, while sputum is an accumulation of secretions from many areas. Com- 
paring the relative merits of sputa and bronchial secretions, Liebow and asso- 
ciates’* found that with only one sputum specimen or one sample of bronchial 
secretion the latter were positive in 30 per cent of the cases but sputa were 
positive in only 15 per cent. They admitted, however, that the incidence of 
false positives was also twice as great, possibly explained on the basis that in 
smears of bronchial aspirations the ciliated columnar cells are often clumped 
into such dense groups that the cilia are obscured, the nuclei appear hyper- 
chromatic and because they are active show tendencies toward more coarsely 
granular, almost clumped, rather than finely granular chromatin. This makes 
the interpretation of the smears difficult, at times even hazardous. 


With regard to the preparation of the slides, we find sputum definitely 
easier to handle. It is not only more convenient to obtain the initial specimen 
but repeat specimens are more readily available. It does not seem justified 
to subject the patient to several bronchoscopies just to obtain bronchial wash- 
ings. Although it has been stated that patients with early lesions do not have 
a productive cough, we have been able to isolate malignant cells from seanty 
specimens which qualitatively appeared to consist mainly of saliva. On the 
other hand the bronchial washing from these same eases is usually clear saline 
which on centrifugation deposits only a thin film at the bottom of the test tube 
inadequate for the preparation of slides. The fact that sputum alone can be 
perfectly satisfactory is evidenced by the remarkable success of Wandall® in 
demonstrating tumor cells in 84 per cent of his eases. 


THE OPERABLE CASES 


In checking the literature we found Wandall* to be the only one who con- 
cerned himself with determining whether cytologic examination is more sue- 
cessful in operable or inoperable cases. He reported that neoplastic cells were 
seen in operable cases (83.3 per cent) almost equally as frequently as they 
were found in inoperable cases (83.9 per cent). In our series greater success 
was achieved by studying the material from operable cases. In the group of 
25 patients who had pneumonectomy a positive cytologic diagnosis was made 
in 16 (64 per cent), while it was possible in only 45 (60 per cent) of the in- 
operable cases. The figures speak well for the method as an adjunct in the 
diagnosis of early bronchiogenie carcinomas, especially when bronchoscopic 
biopsy was positive in only 9 (36 per cent) of the resectable cases (Table IIT). 
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The fact that such a small number of cases produced positive biopsies may be 
explained on the basis that 16 lesions were located in the upper lobe and con- 
sequently lay beyond the reach of the bronchoscope. 


TABLE IIT. CYTOLOGIC AND BRONCHOSCOPIC FINDINGS IN TWENTY-FIVE PNEUMONECTOMIES 








BRONCHIAL FINDINGS | BRONCHIAL BIOPSY | CYTOLOGY 
LOCATION OF TUMOR| IND. | No | | | 
TUMOR | vis. | EvID, | NEG, | BRONCH, | POS. | NEG. | NONE] POS. | NEG. 
Upper lobe (16) 3 4 7 2 4 8 11 
Middle or Lower ( 9) 6 4 0 é 3 1 5 
Total (25) 9 6 7 7 9 16 














Fig. 5. Fig. 6. 
Fig. 5 (Patient C. H.).—Roentgenogram showing mass in left upper lobe with cen- 
tral cavitation. 
Fig. 6.—Malignant cell representative of those found in the sputum (xX 2400). 


Since only nine positive biopsies were obtained, frozen section was resorted 
to eight times. In two eases it confirmed the positive cytologic diagnosis; in 
one ease it confirmed the bronchoseopie biopsy; in one case it confirmed both 
smear and bronchoscopic biopsy; in four cases it was the only histologically 
positive diagnosis. Pulmonary resection was carried out in four cases on 
eytologie diagnosis alone and in all of these tumor was found to be present. 
Two of these four cases are of particular interest and are abstracted briefly 
below: 

Case 1.—C. H. (Record No. 161727), a 40-year-old white man, stated that eleven days 


before entry in July, 1948, he had a routine chest roentgenogram which was said to reveal 
a shadow in the left upper lobe. The patient denied all symptoms save a mild cough which 
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had become worse three weeks prior to entry. Physical and laboratory examinations were 
essentially negative. Bronchoscopy revealed no abnormalities in the areas visualized and 
no biopsy was taken. Cytologic examination of sputa was positive for malignant cells. 
Pneumonectomy without frozen section was carried out. Examination of the gross speci- 
men revealed a 5- to 6-cm. tumor mass in the left upper lobe which was identified micro- 
scopically as epidermoid carcinoma, grade 2. Twenty-one regional lymph nodes were free 
from tumor (Figs. 5, 6, 7, and 8). 

CasE 2.—N. P. (Record No. 166787), a 75-year-old white woman, entered the hospital 
in December, 1948, with a history of left chest pain associated in onset with an upper 
respiratory tract infection of six months’ duration. Chest roentgenogram by private physi- 
cian showed a shadow in the left upper lobe. Physicial examination was negative. Bron- 
choscopy showed slight restriction of the left mainstem bronchus in its lateral motion. 


Fig. 7. 


Fig. 7.—Gross specimen. 
Fig. 8.—Photomicrograph of tumor cells as seen in tissue section. 


Cytologic examination of sputum was positive for malignant cells. Pneumonectomy without 
frozen section was carried out. Grossly there was a fleshy, firm, pale yellow lesion approxi- 
mately 6 to 7 em. in greatest diameter occupying the major portion of the apical segment 
of the upper lobe. Microscopically the tumor was composed of lymphocytie cells larger than 
ordinary lymphocytes, probably representing lymphoblasts. This lesion was thought to be 
a primary lymphosarcoma of the left upper lobe. Eleven regional lymph nodes showed no 
evidence of tumor (Figs. 9, 10, 11, and 12). 


THE INOPERABLE GROUP 


The inoperable group showed a picture somewhat different from that of 
the resectable group. Cytologic diagnosis was positive in only 45 (60 per cent) 
of the 75 cases, and an additional 8 were reported as suspicious. While the 
percentage of accurate cytologic diagnoses dropped, the incidence of positive 
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bronchoscopic biopsies rose to 40 per cent. This difference was undoubtedly 


due to the fact that in the nonresectable cases larger tumors involving areas 
more accessible to the bronchoscope were encountered. These tumors tend to 
be more necrotic often causing the patient to cough up mucopurulent material 
in which it is virtually impossible to detect well-preserved, recognizable tumor 
cells. This group is apparently responsible for a significant portion of those 
cases in which the smear is reported negative although the patient is subse- 
quently found to harbor a malignant neoplasm of the lung. 


Fig. 9 (Patient N. P.).—Roentgenogram showing left upper lobe infiltration. 


LIMITATIONS 


Certain limitations inherent in the method must be recognized. A diag- 
nostie test of this sort can, for instanee, provide no information regarding 
either the exact location or origin of the tumor. Thus it was the experience of 
Woolner and McDonald" that in four eases in which a positive sputum had 
been reported, the carcinoma was demonstrated to be in the larynx, trachea or 
esophagus rather than in the lung. 

Some investigators report being able to recognize the type of neoplasm 
by study of the exfoliated cells. Herbut and Clerf,'® Woolner and MeDonald,'* 
the workers at Vincent Memorial Hospital,’’ and Farber and associates'* have 
correlated (1) large, atypical single cells which adhere to the criteria of malig- 
naney and show a hyperkeratinized cytoplasm with squamous-cell carcinoma, 
(2) small, rather uniform, hyperchromatic, anaplastic cells with oat-cell car- 
cinoma, and (3) malignant cells whose cytoplasm contains large vacuoles with 
adenocarcinoma. These correlations are based on the finding of such cell forms 
in contact smears made directly from the tumor. It is our opinion that although 
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such a correlation is possible in contact smears, it does not hold true for ex- 
foliated cells in the sputum since these are subject to degenerative changes. 
Although it has been our experience that the single hyperkeratinized cell occurs 
exclusively in epidermoid carcinoma, we have found that cells with large 
vacuoles are not specifically from adenocarcinoma nor do the small anaplastie 
cells represent only oat-cell carcinoma. Fig. 13, for instance, shows a group of 
vacuolated cells which we obtained from an epidermoid carcinoma, the vacuo- 
lization apparently being degenerative change. It was interesting to note in 
this case that all the slides showed only clusters of this type. Fig. 14 shows 
small anaplastic cells found in a lymphosarcoma rather than oat-cell carcinoma. 


Fig. 10.—Gross specimen. 


In view of these findings, we prefer not to attempt to recognize from exfoliated 
cells the type of neoplasm present but report only the presence or absence of 
malignant cells. 


False Negatives.—The so-called false negative incidence—a series of nega- 
tive smears from a patient with tumor—seems unavoidable. This incidence 
has been reported to be as low as 16 per cent® and as high as 57.2 per cent,’* 
though generally it lies between 25 and 35 per cent. Its existence can be based 
on three factors: first, inadequate specimens; second, failure to transfer the 
tumor cells from the specimen to the slides; third, failure to identify tumor cells 
present in the smear. In our study we failed to demonstrate malignant cells in 
31 patients with known bronchiogenie carcinoma. Quite a few of these can be 
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attributed to the preceding reasons; for instance, we received many night cups 
containing a 6 to 8 hour collection of expectorate which as a rule contained in 
addition to mucoid secretions and saliva, foreign substances such as bits of 
Kleenex, cigarette butts and cigarette ashes, particles of food, and Lipiodol from 
bronchography done earlier that morning. It was impossible to select sus- 
picious areas in many cases. Vast growths of bacteria also accumulated in 
material left standing in warm temperatures causing marked degeneration of 
the cells. 

Obviously little ean be done to increase the number of instances in which 
particles of tumor are transferred from the sputum specimen to the slide. 
Even when suspicious, blood-streaked areas are smeared, they may or may not 
contain malignant cells. The job of isolating tumor cells can be facilitated by 
the collection of sputum after a deep cough and having the patient expectorate 
only once rather than allowing a collection of material. This is particularly 
applicable when the patient has a cough highly productive of mucopurulent 
material. 

We feel that the number of false negatives can be reduced not only by 
the cooperation of the Nursing Service and bronchoscopists in supplying ade- 
quate fresh specimens, but also by the study of more than one specimen per 
ease if the initial specimen is negative. Of the 61 cases in which a positive 
cytologic diagnosis was made, positive smears were obtained from the first 
specimen in only 32 instances; in 21 cases a second specimen was required be- 
fore a positive report could be made, and it was necessary to study even a 
larger number of specimens in 8 other eases. In the false negative group of 31 
eases, only one specimen was received for study in 8 cases and two consecutive 
specimens in 10. Thus in over one-half of this group we. failed to receive the 
three specimens we feel are necessary for greatest possible accuracy. 

The possibility that the examiner may overlook malignant cells on a slide 
exists, of course. Although careful screening of the slides can reduce the num- 
ber of cases in which malignant cells are missed, there will always be cases in 
which even the most thorough examiner will overlook neoplastic cells. The 
margin of error is undoubtedly due to the extreme conservatism necessary in 
making positive reports. In our laboratory a positive diagnosis is made only 
on cells entirely compatible with the criteria established for the recognition of 
tumor cells. It may well be that cells which appear atypical but which do not 
expressly adhere to these criteria are passed over by the examiner. At one 
point in our study, after we had made an unusually large number of false nega- 
tive reports we allowed ourselves to be more lax with the result that two false 
positive diagnoses were made. We now adhere strictly to our former con- 
servatism. 

False Positive-—This source of error can be greatly reduced as the ex- 
aminer gains experience in the interpretation of smears, though there is some 
question in our minds whether or not it can be eliminated altogether. Certain 
lesions of an inflammatory nature such as tuberculosis, bronchiectasis, lipoid 
pneumonia, lung abscess, or chronic bronchitis seem to produce cell changes 
which morphologically mimic the characteristics ascribed to carcinoma. The 
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Fig. 11. Fig. 12. 
11.—Cells representative of those seen in sputum and reported malignant x 400). 
12.—Photomicrograph of tumor cells as seen in tissue section (400). 





Fig. 13. 


Fig. 18.—Vacuolated cells from an epidermoid rather than an adenocarcinoma (X950). 
_ Fig. 14.—Small anaplastic aprearing cells from lymphosarcoma rather than oat-cell 
carcinoma (x 400). 





THE JOURNAL OF THORACIC SURGERY 


Fig. 15. Fig. 16. 


Fig. 17. Fig. 18. 


Fig. 15.—Malignant appearing cell from a case of chronic bronchitis (600). 

Fig. 16.—A group of such cells from the same specimen as Fig. 15 (X280). 

Fig. 17.—A cluster of cells with multiple nucleoli and clumped chromatin from a case 
of lung abscess (xX400). 

Fig. 18.--Atypical, deceptive cells from a case of tuberculosis (X600). 
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recognition that these misleading cells occur is corroborated by other investi- 
gators who also made false positive diagnoses on finding such cells in expec- 
torate or bronchial aspirations (Table IV). Of our four false positives, two 
were made in cases of tuberculosis, one in a case of lipoid pneumonia with 
associated bronchiectasis, and the fourth remained undiagnosed even after 
exploratory thoracotomy. On review of these four cases we feel that mistakes 
in the identification of suspicious cells, illustrated by Figs. 15, 16, 17, and 18, 
were made in three instances, but that in the fourth case, a true false positive 
was encountered. Because this last case was particularly instructive, it will be 
abstracted below. 


Fig. 19 (Patient W. B.),—Chest roentgenogram showing absent right upper lobe and infiltration 
of the lower lobe. 


CasE 3.—W. B. (Record No. 133308), a 37-year-old white man, was first admitted to 
Barnes Hospital in March, 1947, at which time a diagnosis of bronchiectasis and bronecho- 
stenosis of the right upper and right middie lobe, cause undetermined, was made. The pa- 
tient improved markedly following bronchoscopy and was discharged. Four months later, 
the patient complaining of acute illness characterized by severe cough, high fever, and 
hemoptysis, was readmitted. Bronchoscopy revealed the bronchi of the upper and middle 
lobes to be almost completely occluded by a diffuse inflammatory reaction with much edema. 
A right upper lobectomy was carried out one month later. Pathologie diagnosis: bron- 
chiectasis and bronchial lithiasis. On the next admission in August, 1947, a diagnosis of 
pulmonary tuberculosis was made. In September, 1947, the next admission, the diagnosis 
was ?empyema, ?lung abscess, broncholithiasis, and pulmonary tuberculosis, right. In 
August, 1948, the patient was again admitted for recurrence of symptoms. Chest x-ray 
examination revealed a pulmonary infiltration of the remaining portion of the right lung 
thought possibly to be tuberculosis. Bronchoscopy revealed nothing unusual in the areas 
visualized. Review of the slides by the present pathologist showed no tuberculosis. In 
view of the patient’s respiratory distress, a right middle and lower lobectomy was done. 
Pathologie diagnosis: lipoid pneumonia with .associated bronchiectasis. Althoigh many 
sections were made, no tumor could be found (igs. 19, 20, 21, and 22). 
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The cells seen in this case displayed rather obviously the criteria of malig- 
naney. We certainly would be inclined to make a positive diagnosis should we 
encounter cells of this appearance again. Cases such as this make it apparent 
that occasional false positives are unavoidable and must be considered an in- 
herent limitation of the cytologic method of diagnosis. 


Fig. 20.—Gross specimen of the lower lobe demonstrating circumscribed area of lipoid pneu- 
monia. 


TABLE LV. CoNnp:TIONS IN WHICH FALSE PosITIVES WERE OBTAINED 





NO. CASES | NO, OF | NO, FALSE DISEASES IN WHICH FALSE 

AUTHOR IN SERIES | CANCERS | POSITIVES POSITIVES OCCURRED 

Wandalls 193 100 7 Benign bronchial growth; chronic 
pneumonia; pulmonary tubercu- 
losis 

McKay and co-workers!!! 170 : Pulmonary tuberculosis; bronchial 
polyp 

Liebow and co-workers! 131 ‘ Bronchiectasis 

Woolner and MeDonald19 588 1 Chronic pneumonitis in one ease; 
others are not given in the report 

Watson and co-workers2° 400 , Bronchiectasis 

Our series 270 Lipoid pneumonia; pulmonary tu- 

berculosis; bronchiectasis 











INDICATIONS FOR USE OF THE METHOD 

We have come to recognize that the cytologic examination of expectorate 
does not lend itself for screening large portions of population. The time and 
cost involved in such an undertaking would be prohibitive, for it takes nearly 
an hour to interpret four negative slides and the minimum cost per specimen 
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is between $3.00 and $5.00. A further drawback in the use of this method for 
screening is the relatively high false negative incidence. A single negative 
specimen means nothing in respect to the presence or absence of bronchiogenic 
carcinoma in a given patient and the yield of positives would be extremely 
small. The collection of fresh, adequate material presents another problem, 
since normal, healthy individuals do not have secretions in their bronchi which 
ean be coughed up. 


Fig. 21.—Cluster of cells interpreted to represent malignant cells. Several such clusters 
were seen in the sputum (X1,080). 

Fig. 22.—Tissue section showing squamous metaplasia which possibly represents the 
source of the atypical cells found in the sputum (x 400). 

There are cases, however, in which the cytologic method can be most use- 
ful, especially is it valuable as an adjunct in the diagnosis of the disease in 
patients with minimal symptoms, indeterminate physical and x-ray findings 
and on whom other preoperative histologic evidence is unavailable. In our 
study the method proved its worth in the 18 cases with negative bronchoscopy 
in which the positive smear was the only histologie evidence of malignant pul- 
monary neoplasm hefore thoracotomy. 


CONCLUSIONS 


1. In view of the very deceptive and minimal signs and symptoms of early 
bronchiogenice earcinoma and the low yield of positive bronchoscopic biopsies, 
additional adjunets in diagnosis are imperative. The cytologic diagnosis is 


discussed as serving such a purpose. 
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2. Our report is based on the study of expectorate and bronchial aspira- 
tions from 270 patients admitted to the hospital for diagnosis and treatment of 
lung disease. Included in this group are 100 cases of bronchiogenic ecar- 
cinoma from which positive smears were available in 61 per cent. A higher 
degree of accuracy was obtained in the operable cases: nearly two-thirds of 
the resectable cases gave positive cytologic evidence of the presence of car- 
cinoma. It became apparent that the early lesions commonly had a low per- 
centage of positive bronchoscopic biopsies but tended to yield a larger number 
of cytologic diagnoses. 

3. We found that sputum studies were more reliable than bronchial aspira- 
tions and afforded us the chance of studying more than one specimen per case. 

4. Certain limitations inherent in the method were recognized. Most 
prominent of these was the incidence of false negatives and false positives. 

5. A false negative incidence of 31 per cent occurred in our series, but re- 
duction of the number of false negative reports may be achieved in the following 
ways: 

a. Only fresh sputum adequate but not copious in quantity should 
be used for study. Expectorate collected over a period of hours does 
not constitute a satisfactory specimen. 

b. Painstaking care must be exercised in selecting whitish areas 

or blood flecks from the specimen for preparation of the slides, 

e. The study of at least three consecutive specimens per case is 
required for greatest accuracy. 


6. If adequate specimens are obtained, the number of correct positive re- 
ports could be raised to 75 or 80 per cent for all cases, and for the resectable 
cases it could be raised to 85 per cent. 

7. Four false positives are reported. On review of the slides, we feel that 
mistakes in interpretation of suspicious cells were made in three instances. In 
the fourth, cells were seen which even after long experience could still be mis- 
taken for carcinoma. 

8. The identification of the type of tumor from exfoliated cells is not re- 
liable. 

9. In our opinion this method of diagnosis should be restricted to cases 
with signs and symptoms of tumor but without an available positive histologic 
diagnosis. It is not practical as a screening procedure since too much time and 
expense are involved. The cytologic diagnosis added to clinical and x-ray 
evidence in the absence of a positive biopsy may be sufficient to sway the 
balance toward pneumonectomy. We feel that certain cell patterns are prac- 
tically diagnostic, but that frozen section should be done at thoracotomy when 
bronchoscopic biopsy is negative even if the cytologic diagnosis has been posi- 
tive in order to reduce error to practically zero. 
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EOSINOPHILIC GRANULOMA OF RIB 
Wir a Case REPORT 
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INTRODUCTION 



























 gnsaemelivnoa eranuloma of bone is an uncommon lesion affecting more 
commonly the membranous bones, either in monostotic or polystotie form. 
Those with involvement of the rib may be seen by the thoracic surgeon. It must 
therefore be considered in the differential diagnosis of lesions of the ribs. The 
purpose of this paper is to briefly review the salient features of the malady and 
to report a case studied and treated by the Department of Thoracic Surgery 
at the Merey Hospital. 

The most complete early historical description of such bone lesions was by 
Fraser! in 1935. He ascribed the name lipoid granulomatosis of bone to this 
condition. Later, Lichtenstein and Jaffe? reported on cases of solitary bone 
lesions which pursue a benign clinical course. Their cases resembled histolog- 
ically those lesions described by Fraser. They presented the clinical features 
of the disease which they called eosinophilic granuloma of bone. These investi- 
gators offered no definite etiological explanation for the condition. It was not 
until the studies of Farber® that the resemblance of the lesions of eosinophilic 
eranuloma of bone to the essential lesions of Schiiller-Christian disease was 
suggested. Thannhauser* asserted that this malady did not merit consideration 
as a specifie entity. Jaffe and Lichtenstein take the contrary position that 
eosinophilic granuloma of bone definitely differs from Schiiller-Christian’s 
disease from a clinical, therapeutic, and prognostic standpoint. Although there 
remains much to be learned concerning the relationship between this condition 
and the diseases of lipoid metabolism and the reticuloendothelial system, the 
majority of opinion suggests that eosinophillic granuloma of bone is a monosymp- 
tomatie form of Sehiiller-Christian’s disease. Cases have been reported showing 
various gradations of relationship between the two diseases.” ° 

Clinical Picture.—Kosinophilie granuloma is seen most frequently in chil- 
dren and young adults, being extremely rare after the age of 25 years. Men 
appear to be afflicted more commonly than women.’ There has been no demon- 
stration of a heredito-familial tendeney in the disease. The symptomatology 
varies, but outstanding in the history is the quite sudden onset of swelling, pain, 
and tenderness over the affected area. Although trauma is believed not to be an 
etiological factor, trivial trauma, inducing a pathologic fracture in the region 
of the lesion® has been reported in some patients, preceding the clinical appear- 
ance of the granuloma. A mild febrile reaction may accompany the onset of the 
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disease. Other general symptomatology is lacking, and in the monostotic form 
visceral involvement is absent. The clinical course is benign and the prognosis 
good. Simple curettage or mild x-ray therapy have both effected cures. Spon- 
taneous healing of lesions has been reported.* 

Laboratory Findings——Examination of the peripheral blood usually reveals 
a norml blood picture; a slight degree of eosinophilia may be present. Serum 
ealeium, phosphorus, and alkaline phosphatase determinations are within normal 
limits. These patients are normocholesterolemic although the total blood fat has 
been reported to be elevated.’ 

Despite the description of a characteristic x-ray appearance, namely, a 
round or oval osteolytie lesion originating in the medullary cavity with a punched 
out appearance, nevertheless, the lesion roentgenographically may simulate 
Ewing’s sarcoma of bone, myeloma of bone, reticulum cell sarcoma of bone, 
Brodie’s abscess, metastatic carcinoma, and simple bone eyst. If the lesion is 
seen early in the course of the disease, a rapid inerease in the amount of involve- 
ment of the bone may be observed in serial x-ray examinations. Because of the 
resemblance of this lesion to the many other lesions of bone, the preoperative 
diagnosis is exceedingly difficult. It is obvious that the final diagnosis depends 
upon histologic examination. 


CASE REPORT 


History.—R. C., a 22-year-old white woman, was admitted to Mercy Hospital with the 
complaint ‘‘a painful lump on the left side of my chest.’’ This pain had a sudden onset 
three weeks prior to admission, when the chest was strapped by the family doctor who diag- 
nosed a strained muscle. When the strapping was removed in a few days, a hard, tender 
tumor was noticed on the ninth rib in midaxillary line. This swelling rapidly increased in 
size. There were no systemic complaints, and the patient was otherwise in good health. The 
past medical history was negative, except for an uncomplicated appendectomy in 1946. The 
patient required glasses because of being far sighted. There were four siblings, two of 
which suffered from seasonal pollinosis. Otherwise all are in good health. There was no 
familial history of similar bone lesions. 

Physical Examination.—Physical examination revealed a well-developed, well-nourished, 
22-year-old, white woman, who did not appear sick. There was a firm, fixed mass over the 
ninth rib in the left anterior axillary line. The mass was about the size of a plum and ex- 
quisitely tender. No fluctuation of the mass could be determined and the overlying skin 
showed no discoloration or fixation to the bone. Examination of the other systems was 
negative. Temperature 98.6° F.; pulse 70 per minute; blood pressure 120/80; respiration 
20) per minute. 

Laboratory Findings.—Blood count showed 4,800,000 erythrocytes, 6,900 leucocytes. 
Differential leucocyte count showed segmented neutrophiles 73 per cent; lymphocytes 25 per 
cent; eosinophiles 1 per cent; basophiles 1 per cent. No abnormal cells were seen. 

Urine had specific gravity of 1.025; albumen and sugar were absent; the urinary sedi- 
ment was not remarkable. 

The serum caleium, phosphorus, alkaline phosphatase, and cholesterol were within normal 
limits. The blood urea nitrogen was 8.4 mg. per cent. Wassermann and Kahn tests were 
negative. 

X-Ray Report.—Anteroposterior Bucky films of the thoracie eage and oblique films of 
the lower left ribs showed an oval punched out osteolytie lesion of the ninth left rib in the 
anterior axillary line, which involved the outer cortex and medullary region of the rib (Fig. 
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1).. The pleural side of the rib was intact. Lateral and posteroanterior films of the skull 
showed no osteolytic lesions or other variations from the normal. No other bone lesion was 
evident in any of the other ribs, the clavicles, seapulae, or vertebrae. 

Clinical Course.—Preoperative diagnosis was uncertain. Ewing’s sarcoma of bone and 
eosinophilic granuloma of bone were considered as the most likely possibilities because of the 
age of the patient, the history of development of the lesion, and the laboratory and x-ray 
findings. The patient was operated upon on the third hospital day under local Novocain 1 
per cent, pentothal, nitrous oxide, oxygen sequence. Ten centimeters of the left ninth rib 
in the region of the anterior axillary line were resected with the periosteum, attached inter- 
costal muscles and a segment of the underlying pleura. The adhesion of the parietal pleura 





Fig. 1.—Preoperative roentgenogram showing osteolytic lesion in left ninth rib. 


to the periosteum on the inner surface of the rib necessitated its resection and opening of the 
pleural cavity. The observed underlying pleura and lung were otherwise normal in appear- 
ance. The postoperative course was uneventful, except for a mild asthmatic episode on the 
ninth postoperative day. An x-ray film of the chest at this time was negative. There was 
no evidence of increased perivascular or bronchial pulmonary markings. The patient was 
discharged from the hospital two weeks after admission, clinically cured. 

Pathologic Report (Abstract).—The cortex of a resected portion of the ninth rib was 
elevated in a fusiform manner at its midexternal portion. A section through this portion 
showed expansion of the medullary cavity, which contained a soft grayish-yellow tumor. There 
was thinning of the overlying cortex (Fig. 2). A Wright’s stained smear of the marrow 
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contents showed many eosinophiles, a few large mononuclear phagocytes containing degen- 
erated forms of eosinophiles in their cytoplasm, and the usual marrow cellular constituents. 
Examination of the hematoxylin and eosin stained paraffin sections of the tumor showed 
dense collections of eosinophiles and a moderate number of segmented neutrophiles. A few 
large mononuclear phagocytes were present. These were not vacuolated; their cytoplasm 
contained debris of degenerating eosinophiles (Fig. 3). The pathological diagnosis was 
eosinophilic granuloma of rib. 





Fig. 2.—Gross s:ecimen of rib showing eosinophilic granuloma wi:h expansion and thinning 
of overlying cortex. 





Fig. 3.—Microscopic section of eosinophilic granuloma of bone. Small cells were almost all 
eosinophiles. 
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Aspirated sternal marrow smears stained by Wright’s method were studied two months 
after operation. Five hundred cells were counted. Normal maturation and distribution were 
present. No hyperplasia of the eosinophilic granulocyte series was present. However, ex- 
amination of five other slides prepared at the same time revealed the presence of an ocea- 
sional large mononuclear cell, the size of a megalokaryocyte. Its cytoplasm was homogeneous, 
showing no evidence of lipoid storage, with an indented, moderately dense nucleus. Its larger 
size and the absence of a nucleolus removed the possibility of this cell being a stem cell of 
the monocytic series. One similar sized multinucleated cell was scen (Fig. 4). Both types 
of these cells were identical with those seen in the original Wright stained smear of the 
marrow adjacent to the lesion in the rib. They are not normal constituents of bone marrow 
and are considered morphologically compatible with the histiocytes seen in Letterer-Siwe’s 
disease and occasionally early in the Schiiller-Christian syndrome. 


4.—Sternal marrow smear showing larze multinucleated histiocyte. 
DISCUSSION 

Although evidence of visceral involvement, characteristic of the Sehiiller- 
Christian syndrome, is lacking in this ease, nevertheless, the presence of large 
histiocytes seen in the sternal marrow raises the question of the relationship of 
this solitary lesion to the generalized disease of lipoid granulomatosis. The lack 
of available bone marrow studies in previously reported cases over a period of 
time following recognition of the disease, makes it difficult to ascribe with any 
certainty the importance of such an observation. It may well represent a charac- 
teristic transition of an acute localized phase of a disease which, in its later stages, 
displays generalized cellular lipoid storage. 


CONCLUSIONS 


1. The history, clinical and laboratory findings of eosinophilic granuloma of 
bone are briefly reviewed. 
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2. A typical case with monostotie rib involvement is presented. 


3. The importance of wide surgical excision of the lesion, when accessible, 
with histologic examination, because of the difficulty of clinical differentiation 
of this lesion from those of a malignant character, is advised. 
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CONGENITAL ABSENCE OF THE PERICARDIUM 
A Case REport 
B. G. P. SHarirorr, M.D., NEw York, N. Y. 


HE first report of congenital deficiency of the pericardium was made by 

Realdus Columbus in 1559. Since then Moore,’ in 1925, and Rusby and 
Sellors,? in 1945, have collected a total of eighty cases described in the world’s 
medical literature. Analysis of the early reports in this collective review has 
cast doubt on several cases which are believed to have been erroneously classified, 
their true nature being probably that of adhesive pericarditis. Until recently 
this condition was discovered only as an accidental finding on necropsy examina- 
tion but lately surgeons have described pericardial defects as an operative find- 
ing and a method has been proposed for its clinical. recognition.*: * It is interest- 
ing to note that in the Abbot monographs considerable space has been devoted to 
pericardial defects while Taussig makes no refence to this in her textbook on 
cardiovascular anomalies. 


CASE REPORT 


The present report deals with a case of congenital absence of the pericardium. Recog- 
nition of this anomaly was made in the anatomy laboratory during the course of other studies 
on the cardiovascular system. The subject was a 12-day-old infant who died of cerebral 
injury incurred at delivery and who during life gave no symptoms suggestive of cardiac 
or respiratory pathology. The results of the pertinent findings have been outlined in the 


following description. 

On examination of the thoracic cavity a complete absence of the pericardium was noted. 
The heart was globular in shape, maintained its normal mediastinal position, and occupied 
a common serous cavity with the left lung. Except for fixation by the inferior vena cava 
the distal part of the heart was perfectly free and unattached to the diaphragm. There were 
no cardiopulmonary adhesions. The heart was covered by epicardium but was completely 
devoid of pericardium except for a rudimentary fold which extended around its right border. 
This fold exhibited a free margin in which was contained the left phrenic nerve but was 
otherwise fibrous and avascular in character. The aorta, the primary pulmonary vessels, and 
superior vena cava were also without a fibrous investing sheath of pericardium. The sterno- 
pericardiac ligaments were absent. 

The displacement of the left phrenic nerve from its normal anatomie course in the 
thorax was of great interest. The left phrenic nerve was dissected in the neck where the 
usual relationships to the anterior scalene muscle and the cervical plexus were observed. The 
nerve entered the thorax behind the left innominate vein, crossed in front of the arch of the 
aorta, and curved sharply to the right joining the rudimentary fold previously described. 
Its position thereafter was to the right of the midsternal line until it reached the diaphragm 
at the xiphoid level where it turned sharply to the left and entered the muscle. The nerve 
was unaccompanied by the pericardiophrenic branch of the internal mammary artery. The 
course of the right phrenic nerve was normal. 
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The heart and its vessels were studied after injection of the vascular system. The 
anatomic structure of the heart was normal except for an unusual appearing left auricular 
appendage resembling a clown’s cap. The fibrous vestigial band of Marshall was present as 
a wide band in the region of the posterior aspect of the left auricle. Several other tissue 
remnants found in the same area were considered to be persistent remnants of tributaries of 
the obliterated cardinal venous system. The coronary sinus was more dilated than normal. 
The ductus arteriosus was patent but was in the process of closure. The other vessels were 
normal. 

Abnormalities were sought for in other structures. The left lung showed a normal 
arrangement of lobes and bronchopulmonary segments. The diaphragm was well developed 
without defects. Anomalies were not found in the abdominal cavity. 


Fig. 1.—Photograph shows heart devoid of pericardium. Clamps have been placed around the 
rudimentary fold. The heart is freely mobile. 


Fig. 2.—Another view showing the rudimentary fold on the right side of heart. In the 
margin of the fold is contained the left phrenic nerve. 
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Fig. 3.—Shows the dissection of the left phrenic nerve which is held up by black and 
white sutures in photcgraph. Dissec:ion can be followed from the neck as it swings markedly 
to the right in thorax and then returns to the left to terminate in diaphragm. 


Fig. 4.—Roentgenogram showing position of heart with the cardiovascular tree injected. 
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The anatomic findings in this case were of developmental significance. The heart and 
left lung occupied a common cavity embryologically identifiable as the left pleuropericardial 
space. The anomalous situation of the left phrenic nerve was related to the failure in develop- 
ment of the pleuropericardial membrane. Its displacement to the right was due to the dis- 
proportionate growth of the thoracic viscera. The concentration of rudimentary tissue in the 
region of the auricle seemed to implicate the cardinal venous system in the causation of the 
pericardial defect. 


The pathogenesis of pericardial deficiency has been variously interpreted. 
Keith claimed that this anomaly was caused by the too rapid growth of the lung 
bud resulting in an abnormal dilatation of the iter venosum following which 
the pleuropericardial foramen remained patent.’ Risel opposed Keith’s view 
suggesting as a cause atresia of the pleuropericardial membrane with failure to 
join the lung roots. MeGarry believed that abnormal tension created by the 
rotation of the developing liver traumatized the pulmonary ridge from which 
the membrane developed.’ Perna and Plaut proposed a vaseular atrophy theory 
based on the hypothesis that premature atrophy of the left duet of Cuvier was 
causative of a deficiency to the blood supply to the pleuropericardial membrane. 
The latter theory has been generally accepted because it accounted best for the 
preponderance of pericardial defects located on the left side.* 

The functional and physiologic importance of the pericardium always ap- 
pears to be discussed with congenital deficiency of this structure. Several writers 
have claimed that the defective pericardium was responsible for elongation and 
dilatation of the heart due to the lack of pericardial support. Others have stated 
that this anomaly in itself was without significance, cases being cited in support 
of this view. All agreed that a heart occupying a common serous cavity with 
the lung is subjected to the additive factor of respiratory disease. Nevertheless 
the pericardium has been widely resected clinically and experimentally without 
creating serious complications. 


SUMMARY 


A ease of congenital absence of the pericardium has been described. Its 
embryology, the theories of causation, and the significance of pericardial de- 
ficiency have been briefly discussed. 
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RESECTION VERSUS THORACOPLASTY IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 


ArcuH J. Beatty, M.D., AND WILLIAM W. BuckINGHAM, M.D., Kansas City, Mo., 
AND Pout OrTtTosEN, M.D., Mount VERNON, Mo. 


HE purpose of the paper is to analyze 93 consecutive resections done for 

pulmonary tuberculosis at the Missouri State Sanatorium at Mount Vernon, 
Mo., from Jan. 20, 1940 until June 29, 1949. Seventy per cent of these patients 
have been followed from one to nine years. 

We have tried to set up certain indications for resection in pulmonary 
tuberculosis and to separate them from the indications used for thoracoplasty 
and other collapse procedures. We recognize that these indications are not 
always clearly defined but we have carefully reviewed our cases and in our 
own mind those which we will present for resection versus thoracoplasty are 
definitive and clear cut. This paper presents our opinions and conclusions at 
the present time. 

The following resections were done: 


Left lung 

Right lung 

Right upper lobe 

Right upper and middle lobe combined 

Right middle and lower lobe combined 

Right lower lobe 

Left upper lobe 

Left lower lobe 

Right middle lobe 

Right upper lobe and right lower lobe 
(apical segment only) combined 1 


me DO 
ao —_ 


—_ 
= DOS e OL 


Total resections: 93 


These 93 resections were done upon 93 patients. There were no multiple 
operations. There were 73 female and 20 male patients. The youngest patient 
was 9 years old and the oldest was 65 years old. The average age was 30.8 
years. Eighty-eight patients were white and 5 were colored. All patients had 
a positive sputum for acid-fast bacilli before surgery. 

Epidural anesthesia has been used at the Missouri State Sanatorium since 
Oct. 30, 1945. In our opinion this type of anesthesia has played a great part in 
lowering the incidence of postoperative spreads. 


From the Department of Surgery, Missouri State Sanatorium, Mount Vernon, Mo., Charles 
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THE INDICATIONS FOR RESECTION 


In this series of 93 patients with proved pulmonary tuberculosis, there are 
eleven indications for resection. Most of the patients had more than one reason 
for resection and no attempt is made to give just the primary indication. Often, 
it is hard to state which indication has preference. Our indications for resection 
are: 

. Clinical tuberculous bronchiectasis 73 
. “Dead lungs’’ 36 
. Thoracoplasty failure 
. Giant cavitation 
. Pneumothorax failure 
. Bronchial stenosis 
. Lower lobe disease with cavitation 
. Bronchopleuro-eutaneous fistula 
9. Tuberculoma 
. Miscellaneous 
. Plombage pack failure 


DISCUSSION OF THE INDICATIONS FOR RESECTION 


1. Clinical Tuberculous Bronchiectasis.—There is still a great deal of con- 
troversy as to when tuberculous bronchiectasis exists. There were 73 patients 
with this condition in the 93 resection cases. The clinical diagnosis, of course, 
is made by a Lipiodol bronchogram. 


In the majority of cases of pulmonary tuberculosis there is a simultaneous 
healing and destructive process. Either process may predominate. The healing 
process is characterized by fibrosis and contraction of the pulmonary parenchyma 
with a resulting widening deformity of the major bronchi. This condition is 
what we understand as bronchiectasis. The constant bathing of the bronchi with 
positive sputum for acid-fast bacilli will often cause endobronchial tuberculosis 
of these bronehi. Some authorities consider this condition tuberculous bron- 


chiectasis. 


If the flow of positive sputum for acid-fast bacilli is checked by a eavity 
closure, either spontaneously or by some form of collapse therapy, the endo- 
bronchial lesion may heal and the tuberculous bronchiectasis is converted to a 
nonspecifie type of bronchiectasis. 

As pulmonary tuberculosis usually occurs in the upper lobes and the upper 
part of the lower lobes, drainage is usually adequate. Therefore, pulmonary 
resection is not usually indicated in upper lobe bronchiectasis if the sputum is 
negative for acid-fast bacilli. However, in many instances the endobronchial 
lesion will not heal after the cavity is closed and a positive sputum for acid-fast 
bacilli will remain present. In these eases pulmonary resection is the treatment 
of choice because the tuberculous bronchiectasis cannot be expected to heal by 
any form of collapse therapy. Thoracoplasty would only collapse the little 
remaining parenchvmal tissue and would have no effect upon the dilated 
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bronehi. Thus, thoracoplasty would only inerease the deformity and blockage 
of the already dilated and obstructed bronehi. Needless to say, streptomycin 
should always be tried to convert the sputum from positive to negative. 

From a pathologie standpoint tuberculous bronchiectasis is present only 
when there is coexisting bronchial stenosis and tuberculous infection distal to 
the stenosis with resulting destruction of the muscular and elastic layers of the 
bronchial wall. There is tubercle formation in the submucosa which may or 
may not be accompanied by ulceration of the mucosa. Mucosal ulceration de- 
pends upon the degree of activity at the time the lesion is seen. This destruction 
causes weakening and dilatation and what we consider true tuberculous bron- 
chiectasis. Thus, this is a pathologie diagnosis and cannot be made with 
accuracy before surgery. The late continued dilatation and destruction may in 
some rare eases be kept progressive by secondary organisms and not be due 
primarily to the tuberele bacilli. 

2. “‘Dead Lungs.’’—We had 36 patients whom we placed under this 
classification. Our definition of a ‘‘dead lung’’ is one in which the parenchyma 
has been completely replaced by fibrosis, cavitation, and bronchiectasis. There 
usually is a retraction of the lung, mediastinum, and trachea to the affected 
side. The bronchiectasis is not easily recognized until Lipiodol studies have 
been done. 

This type of case is usually the end result of tuberculous bronchostenosis 
plus parenchymal disease, or a long-continued, ineffective pneumothorax which 
may or may not have been abandoned. Patients with this condition have a 
low vital capacity and are definitely poor operative risks. However, we feel 
that resection should be done, rather than thoracoplasty, in this type of tuber- 
culosis, although we have performed thoracoplasties as a preparation for resec- 
tion in extremely toxic, poor-risk patients. The oxygen exchange will not be 
altered by resection as these dead lungs act only as a continuation of the 
normal dead space. Unless resection is done in this group, these patients are 
doomed to a life of incapacity or hospitalization with no chance of cure. 
Pulmonary resection offers the only chance for a negative sputum for acid-fast 
bacilli and return to some form of a rehabilitated negative status. 

3. Thoracoplasty Failure.—Thoracoplasty failure has been our indication 
for resection in 22 patients. In all patients we waited from six months to 
one year before considering the thoracoplasty a failure. 

There are several sources from which a positive sputum for acid-fast 
bacilli can originate after a thoracoplasty, and all possibilities should be thor- 
oughly investigated before pulmonary resection is done. Of course, the con- 
tralateral side should be excluded as the origin of the positive sputum for acid- 
fast bacilli. 

Laminagrams should be taken of both sides. If residual cavitation is found 
underneath the thoracoplasty, a revision thoracoplasty can be considered if the 
thoracoplasty is thought to be mechanically inadequate. If laminagrams fail to 
detect residual eavitation, the source of the positive sputum for acid-fast 
bacilli may be from endobronchial tuberculosis. In most instances this condition 
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ean be diagnosed by bronchoscopy and treated successfully with streptomycin. 
Sometimes when the bronchoscopy is noneontributory, the bronchograms will 
show definite bronchiectasis. At present we consider pulmonary resection in- 
dicated in most of those cases. Pulmonary resection is usually indicated when 
the bronchiectasis is limited to the lower lobes. 

We now routinely make preoperative Lipiodol bronchograms on all pa- 
tients being considered for thoracoplasty or resection. The information gained 
is often more important and influences our decision more than the information 
gained by bronchoscopy. Several of our earlier patients would have had 
primary pulmonary resection instead of thoracoplasty if they had been studied 
with Lipiodol bronchograms first. 

To save hospitalization time for the nonconverted thoracoplasty patient, 
we now make the following routine examinations six months after every thora- 
eoplasty : 

1. Laminagrams. 

2. Bronchograms. 

3. Bronchoscopy. 

Treatment is then outlined as previously discussed. 

4. Giant Cavitation.—There were 20 patients in this group. Cavities meas- 
uring more than 4 em. in diameter are considered as giant cavities. Most of our 
20 patients had eavities considerably larger, with some occupying an entire 
lobe or an entire lung. Most cavities were of the tension type. Pneumothorax is 
definitely contraindicated in the presence of a giant tension cavity that is ac- 
companied by endobronchial tuberculosis. After analyzing our own eases, we 
believe that thoracoplasty is a failure in most instances where giant cavitation 
is present. Resection offers a better hope of cure in those patients who still 
have a rather poor prognosis. Occasionally, we have recommended thoraco- 
plasty in extremely ill and poor-risk patients as a preliminary to resection. 

5. Pneumothorar Failure—We had 13 patients whom we placed in the 
pneumothorax failure group. The three main reasons for pneumothorax failure 
are: 
1. Bronchostenosis and atelectasis. 

2. Lower lobe lesion. 

3. Tuberculous bronchiectasis. 

All of these reasons are ineluded in our indications for pulmonary resection. 

In a few eases of pneumothorax failure the reason will be bronchiectatic 
cavities or tuberculous bronchiectasis. This type of case does not respond to any 
form of collapse therapy or to streptomycin because of the scarring and fibrosis 
of the bronehi. An ordinary film will not show this scarring. The bronchi must 
be filled with Lipiodol and the upper lobes then show the characteristic multiple 
beading along the lumen of the bronchi. This multiple beading is characteristic 
of upper lobe bronchiectasis, as it tends to be a dry type because of adequate 
drainage in contrast to the wet type seen in lower lobe bronchiectasis. Here 
again, resection appears to be the treatment of choice as this type of lesion 
cannot be compressed by thoracoplasty. 
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6. Bronchial Stenosis—There were 10 patients with bronchial stenosis in 
the series of the 93 resections. There are two types of bronchial stenosis asso- 
ciated with pulmonary tuberculosis, the uleerostenotie and the fibrostenotic. 
The ulcerostenotie type is not necessarily an indication for resection because 
tuberculous ulceration, which is the cause of the stenosis, may heal with or 
without stricture, either spontaneously or following streptomycin therapy. 

Bronchial stenosis may become particularly prominent after a pneumo- 
thorax is started. A lobe or an entire lung becomes atelectatic and assumes the 
characteristic ground glass appearance, often with definite evidence of cavitation 
within the atelectatie area. In these eases there is little hope of closing the 
cavity or cavities, and the pneumothorax should be abandoned. Many times the 
attempt to re-expand the lung is unsuccessful beeause of the bronchial stenosis, 
and resection is then the treatment of choice. Even in the few eases where it is 
possible to abandon the pneumothorax, it is highly questionable if thoracoplasty, 
which offers less collapse than the pneumothorax and like the pneumothorax 
causes kinking of the stenotic bronchi, will result in a sputum conversion of 
acid-fast bacilli. Again, in this type of case, resection is the treatment of 
choice. 

In the fibrotic type of stenosis we feel that resection is always the treatment 
of choice, either when dealing with the main bronchi or a lobar branch bronchus 
providing a positive sputum for acid-fast bacilli is present. 

7. Lower Lobe Disease With Cavitation—Nearly every patient with lower 
lobe lesions will fail to respond to pneumothorax treatment, even when the 
pneumothorax is combined with phrenicotomy, pneumoperitoneum, or both. The 
cavity remains open and the sputum continues positive for acid-fast bacilli. In 
this type of case a thoracoplasty is out of the question, as the inadequate 
pneumothorax has given a greater degree of collapse than could be expected 
from a perfect thoracoplasty. In our opinion, one should not temporize in 
advising resection before a contralateral spread occurs. Pneumothorax would 
only delay the end result and may be costly and take away the patient’s chance 
of an early successful cure. 





8. Bronchopleuro-Cutaneous Fistula—There were 4 patients who had to 
have pulmonary resection because of a_ persistent bronchopleuro-cutaneous 
fistula. 

9. Tuberculoma.—Two patients had pulmonary resections for tuberculomas. 

10. Miscellaneous.—Two patients had pulmonary resections for conditions 
that did not fit into any of the other definite indications. Therefore, these pa- 
tients are placed in the miscellaneous group. 

11. Plombage Pack Failure.—There was only one patient that had to have a 
pulmonary resection because of inadequate plombage. 


RESULTS 


Mortality—Nineteen of the 93 resection patients are now known to be 
dead, an incidence of 20.4 per cent. Seventy-four patients are alive and well 
at the present time. 




















The mortality reasons are seen in Table I. This chart also gives the time 
that death occurred. Cardiorespiratory insufficiency and embolism caused the 


greatest number of deaths. Bronchopleural-cutaneous fistula and tubereulous 
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empyema were the second greatest causes of death. This condition occurred 
eight times and was responsible for 42.1 per cent of the deaths. Table II shows 
the mortality for each type of resection done. 

Sputum Conversion.—Sixty-eight patients were sputum negative for acid- 


fast bacilli at the time of discharge. Thus, 73.1 per cent of the 93 tuberculous 
resections became negative for acid-fast baeilli. 


TABLE I. 


Sinee 19 of the resection pa- 


MorvTaLity CHART OF NINETEEN TUBERCULOSIS RESECTION DEATHS 

































































CASE AGE 
NUMBER | (YEARS) | SEX RACE CAUSE OF DEATH TIME OF DEATH 
9,883 26 F. W. Generalized toxemia 6 days 
14,637 38 F. W. Generalized miliary tubercu- 2 months 
losis of all organs and 
bronchopleuro-cutaneous- 
fistula 
16,809 37 Ee. W. Cerebral embolism 20 hours 
17,444 37 F, C. Pulmonary insufficiency 17 days after 
surgery 
18,005 43 F. W. Cardiorespiratory failure 2 months after 
resection 
16,464 39 M. We Cardiorespiratory failure 7 months after 
resection 
18,187 47 F. W. Shock and cardiopulmonary 24 hours after 
insufficiency resection 
18,374 65 F. W. Shock (severe cardiac case) 15 minutes after 
surgery 
17,420 63 M. W. Tuberculous empyema and 6 months after 
bronchopleuro-cutaneous resection 
fistula 
16,328 26 F. W. Cardiorespiratory failure 7 months after 
resection 
18,416 9 M. C. Tuberculous empyema and 9 months after 
bronchopleuro-cutaneous surgery 
fistula 
17,983 29 F. We Contralateral spread, reactiva- 2 months after 
tion, and cardiopulmonary resection 
insufficiency 
17,887 36 F. W. Acute cor pulmonale and 1 month after 
generalized anasarea and resection 
contralateral spread 
17,951 45 F. W. Bronchopleuro-cutaneous 13 months after 
fistula (left hospital against resection 
advice ) 
19,120 36 M. W. Bronchopleuro-cutaneous 4 months after 
fistula surgery 
19,051 27 M. W. Cardiorespiratory failure 24 hours after 
; I : , 
resection 
19,053 38 M. W. Bronchopleuro-cutaneous 5 months after 
fistula and tuberculous resection 
empyema 
17,763 38 F. W. Bronchopleuro-cutaneous 7 weeks after 
fistula and empyema resection 
18,061 21 F. W. Bronchopleuro-cutaneous fistula 3 months after 
and empyema resection 
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TABLE II. Morvtauity INCIDENCE FoR EACH TYPE OF RESECTION DONE IN CASES OF 
PULMONARY TUBERCULOSIS 








PER CENT 





1. Right pneumonectomy 


Eight deaths in 21 resections 38.1 
2. Left pneumonectomy 

Seven deaths in 28 resections 25.8 
5. Right upper lobe lobectomy 

No deaths in 13 resections 0.9 
4. Right upper lobe and right middle lobe lobectomy 

One death in 5 resections 20.0 


5. Right middle lobe and right lower lobe lobectomy 


Four resections with one death 25.0 
6. Right lower lobe lobectomy 

One resection with no deaths 0.0 
7. Left upper lobe lobectomy 

Thirteen resections with no deaths 0.0 
8. Left lower lobe lobectomy 

Six resections with 2 deaths 33:3 
9. Right middle lobe lobectomy 

One resection with no deaths 0.0 
10. Right upper lobe and right lower lobe (apical segment) 

One case with no deaths 0.0 





tients have died and 74 patients are living and well, there is an incidence of 
91.9 per cent sputum conversions for acid-fast bacilli in the living patients, 
as 68 of the patients were sputum negative for acid-fast bacilli at the time of 
discharge. 

Spreads and Reactivations—There were 4 patients who had postoperative 
spreads and 5 patients who had reactivations. Thus, the incidence of spreads 
was 4.3 per cent and the incidence of reactivations was 5.4 per cent. In our 
opinion, epidural anesthesia has played an important role in lowering the 
incidence of postoperative spreads and reactivations. 


COMMENT 


The mortality in this series may appear rather high. There are several 
plausible reasons for this condition. Most of the patients who came to resection 
were extremely poor risks. They had had pulmonary tuberculosis for many years 
prior to the time when resection was decided upon. Resection was usually done 
as a last desperate hope of cure and often after other types of treatment had 
failed. Furthermore, in the early years when resections were done the teeh- 
nique of pulmonary resection had not developed to the present degree, and 
streptomycin was not available at our institution until 1947. 

No doubt better results can be obtained with still further improvement in 
operative technique and better selection of cases. At present we are evaluating 
our results with pneumoperitoneum, pneumothorax, thoracoplasty, and other 
active methods of treatment in different types of pulmonary tuberculosis. In 
the types of disease where poor results are obtained with the different forms of 
collapse therapy, we are inclined to do primary resections whenever possible. 
We hope that our future results with pulmonary resection will save valuable 
hospitalization time for the patients and reduce further the over-all mortality 
in all surgical procedures used in the treatment of pulmonary tuberculosis. 
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SUMMARY 


1. Ninety-three consceutive pulmonary rescetions done for pulmonary 
tuberculosis at the Missouri State Sanatorium, Mount Vernon, Mo., from Jan. 
20, 1940 until June 29, 1949, are analyzed as to types of resection, indications 
for resection, and end results. 

2. The indications for resection are discussed fully so as to show why 
resection was preferred instead of thoracoplasty or some other type of collapse 
therapy. 

3. The importance of preoperative Lipiodol bronchograms is emphasized. 

4. Ninety-one and nine-tenths per cent of the living pulmonary resection 
patients are now sputum negative for acid-fast bacilli. 

5. The incidence of postoperative spreads and reactivations was low and 
we feel that epidural anesthesia was an important aid in their prevention. 
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BLOOD VOLUME AND EXTRACELLULAR FLUID IN TUBERCULOSIS 


Enuiorr B. Hay, M.D., CELESTINE R. Hay, M.D., AND DANIEL E. JENKINS, M.D. 
Houston, TEXAS \ 













ECENT studies on extracellular fluid in chronic infections and cancer’ ? 
have demonstrated a reduced blood volume and an increase of interstitial 
fluid volume. This report is based on preoperative studies of fifty patients with 
tuberculosis and twelve healthy adults. Our findings were a reduction in the 
cell mass, and an increase in interstitial fluid and plasma volume, a decrease in 
serum albumin, and a decrease in total serum protein in the patients with 
tuberculosis. 

The plasma volumes, extracellular fluid (thiocyanate space) volumes, and 
hematocrits were done using the method described by Gregersen and Stewart,’ 
and from these the cell masses and interstitial fluid volumes were calculated. 

The serum albumins and total proteins were done, using the method de- 
seribed by Kingsley.‘ 

Twenty-five of the patients with tuberculosis were considered to be in good 
physical condition, and twenty-five were considered to be in poor condition be- 
eause of prolonged fever, far-advaneed disease, empyema, or excess weight loss. 

The averaged cell mass was reduced in the patients with tuberculosis when 
compared to the healthy adults. All comparisons were made on the basis of 
liters per square meter ef body surface area, as this is reported as being a more 
accurate method of comparison than either cubie centimeters per kilogram of 
body weight or by total volume.® The cell mass in the patients with tuberculosis 
averaged 990 ¢.c. per square meter surface area, compared to the average healthy 
adult of 1,200 cubie centimeters. There was a more marked deficit in cell mass, 
900 ¢.c. per square meter, compared to 990 ¢.c. when the usual surface area 
calculated from the patient’s optimal weight was used. 

Patients who were considered to be in poor condition (Fig. 1) had less cell 
mass on the average than those considered to be in good condition; 690 ¢.c. com- 
pared to 1,030 ¢.c. per square meter present surface area. 

The 33 patients who had a gain in weight, or loss of less than 20 pounds 
had 1,700 e.c. cell mass per square meter of surface area. The 17 patients who 
had lost more than 20 pounds in weight averaged 900 ¢.c. cell mass per square 
meter of surface area. 

The average total cell mass in the healthy adults was 2,400 ¢.c., and in the 
patients with tuberculosis 1,600 ¢.c.,' a deficit of 800 ¢.c. of cells, or 1,500 to 
2,000 ¢.c. of whole blood. Those in poor condition, or who had lost more than 
20 pounds, had a deficit of about 2,500 to 3,000 ¢.c. of whole blood. The plasma 
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volumes averaged 1,910 ¢.c. per square meter present surface area in tuberculosis 
and 1,580 ¢.e. in the average healthy adults. The increase of plasma volume was 
not as marked when compared to the usual surface area, 1,760 ¢.c. to 1,910 cubic 
centimeters. The average plasma volume (Fig. 2) was 1,780 ¢.c. per square meter 
surface area in the patients in good condition, and 1,989 ¢.c. in the patients in 
poor condition. Those patients who lost less than 20 pounds in weight had an 
average plasma volume of 1,611 ¢.c. per square meter surface area. Those who 
had lost more than 20 pounds in weight had an average plasma volume of 2,003 
c.ec. per square meter surface area. 
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Fig. 1. 


The average extracellular fluid (thiocyanate space) volume in the patients 
with tuberculosis was 11,830 ¢.c. per square meter of usual surface area and 
14,290 ¢.e. per square meter present surface area. The extracellular fluid aver- 
aged 8,150 ¢.c. in the healthy adults. The extracellular fluid (thiocyanate 
space) was greater in those patients in poor condition (14,000 ¢.c. per square 
meter surface area) than in those in good condition (10,300 ¢.c.) (Fig. 3). 
There was an average of 10,900 ¢.c. extracellular fluid (thioevanate space) square 
meter surface area in patients who had lost less than 20 pounds in weight and 
13,800 ¢.c. in those having more than 20 pounds weight loss. 

The serum proteins averaged 5.7 Gm. per 100 ¢.¢. in the patients with tuber- 
culosis and 7.1 Gm. per 100 ¢.c. in the average healthy adults. The average total 
serum protein, calculated from the plasma volume and serum protein levels, was 
168 Gm. in the patients with tuberculosis and 203 Gm. in the healthy adults. 
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The average serum albumin for the patients with tuberculosis was 2.9 Gm. per 
100 ¢.c., and for the healthy adults, 4 Gm. per 100 ¢.c. The total serum albumin, 
calculated from the plasma volume and serum albumin levels in the patients with 
tuberculosis averaged 85.5 Gm. and 114 Gm. in the healthy adults. The serum 
protein levels in the patients in poor condition averaged 5.8 Gm. per 100 e.e., 
and the serum albumin averaged 2.7 (im. per 100 ¢.c. In the patients in good 
condition these averages were 5.6 Gm. total protein and 2.9 Gm. albumin. 

The albumin globulin ratio for the patients with tuberculosis was 1.01 to 1 
for those in poor condition, and for those in good condition, 1.0! to 1. 
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DISCUSSION 
From these results we can say that there is considerable variation in the 
‘xtracellular volume, red cell mass, interstitial fluid volume, plasma volume, 
otal protein, and serum albumin in patients with tuberculosis when compared 
0 healthy adults. Some of the laboratory methods used, T-1824 blue dye for 
‘lasma volume and thiocyanate for estimation of the extracellular fluid volume, 
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have an estimated error of 10 to 15 per cent, but the variations could not all be 
accounted for on this basis, as the averages demonstrated definite changes in 
the patients with tuberculosis. 

The results of our investigation suggest that the average patient with tuber- 
culosis has a reduced red cell mass, increased plasma volume, reduced total serum 
protein, and increased interstitial fluid volume. These changes are more marked 
in those patients judged to be in poor condition by the criterion used. 

The information gathered from this and similar studies*’* is important in 
the treatment of tuberculosis as it serves to re-emphasize the changes in physiol- 
ogy that occur and suggest corrective measures. 

There is also a prothrombin deficit in tuberculosis,'*"* and probably a deficit 
of other protein compounds, such as antibodies. 

The corrective measures suggested from our findings are a high protein in- 
take and transfusions of 2,000 to 3,000 ¢.c. of whole blood before surgery. 

Although these studies were primarily designed to evaluate the preopera- 
tive preparation of patients with tuberculosis, the abnormalities found can be 
utilized in the medical treatment as well. 

The increase in plasma volume and extracellular fluid (thiocynate space) 
volume in these patients is interesting. The greater increase in those patients 
who have a reduced cell mass suggests a compensatory mechanism. 


SUMMARY 


1. In patients with tuberculosis studied there was a reduction in red cell 
mass, an increase in plasma volume, an increase in extracellular fluid (thioey- 
anate space), and reduced serum total protein and serum albumin, when com- 
pared to the healthy adults. 

2. These changes were more marked in those patients who were considered 
to be in poor condition, by the criteria used. 
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SUDDEN DEATH OCCURRING IMMEDIATELY AFTER OPERATION 
IN PATIENTS WITH CARDIAC DISEASE, WITH PARTICULAR 
REFERENCE TO THE ROLE OF ASPIRATION THROUGH 
THE ENDOTRACHEAL TUBE AND EXTUBATION 


Harris B. SHUMACKER, JR., M.D., INDIANAPOLIS, IND., AND 
L. JENNINGS HAmMptTon, M.D., New Haven, Conn. 


UDDEN death is always a catastrophe which is difficult to accept, not only 
for the patient’s family but for the physician as well. When death occurs 
during an operative procedure it is particularly distressing. Perhaps no 
calamity, however, is more frustrating than the sudden death of a patient 
shortly after the completion of an operation at a time when one might assume 
that the greatest danger was passed. It is our purpose to describe sudden death 
just after completion of operation in five patients in whom it seemed likely that 
either aspiration through the endotracheal tube or extubation was an important 

factor. 

CASE REPORTS 


CASE 1.—This 19-month-old boy had been eyanotie since birth and was markedly in- 
capacitated by his low tolerance for exercise. Examination revealed evidence suggestive of 
tetralogy of Fallot—moderate cyanosis and clubbing, a harsh systolic basal murmur, a boot- 
shaped heart by radiologic examination with clear lung fields and diminished vascular mark- 
ings, right axis deviation on electrocardiography, and marked hemoconcentration. Arterial 
oxygen saturation was 52 per cent. There was evidence of a right aortic arch. The patient 
weighed 9.5 kilograms, 

Preoperatively the patient was given 32 mg. of pentobarbital, 1 mg. of morphine sul- 
phate, and 0.17 mg. of atropine. Induction was carried out and anesthesia maintained with 
a eyclopropane-ether-oxygen mixture. During operation 130 mg. of procaine were given slowly 
by intravenous drip in a 0.1 per cent solution. The operation was begun at 8:45, at which 
time the pulse was 140 per minute. As soon as the pleural cavity was entered the heart rate 
slowed to 100, but within a minute after the administration of 0.2 mg. of atropine intra- 
venously the pulse rate rose to 170. Throughout the remainder of the operation the pulse 
continued at its normal rapid rate and the blood pressure remained constant. The anastomosis 
between the end of the left subclavian artery and the side of the left main pulmonary artery 
was begun at 9:55 and was completed at 10:20. Thereafter the color of the patient was 
improved. By 10:55 the wound had been closed. At this time the level of anesthesia was 
light. The dressing was applied and good expansion of the lung and the presence of a loud 
continuous murmur were demonstrated by auscultation. At 11:15 aspiration was carried 
out through the endotracheal tube and it was withdrawn. Simultaneously the heart sounds 
ceased, pulse and blood pressure disappeared, and the electrocardiographic tracing which was 
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being made demonstrated an instantaneous cessation of electrical activity. The child took 
two or three coarse gasps and breathed no more. The endotracheal tube was quickly re- 
introduced and rhythmic expansion of the lungs with oxygen was carried out. The chest 
wound was reopened and the heart was found in standstill. In spite of prolonged massage and 
the use of intracardiac adrenalin and Coramine, resuscitation could not be accomplished. 

A post-mortem examination was performed. The heart was characteristic of the 
tetralogy of Fallot. There was present the recently made arterial anastomosis. Otherwise 
the examination revealed nothing of significance. 


CASE 2.—The patient was a 614-year-old child. During an attack of measles, at the 
age of 214 years, the child had been examined and the parents had been informed that a 


cardiac murmur was present. She was subject to frequent upper respiratory infections and 


was easily fatigued. She weighed 18 kilograms. Upon examination a continuous thrill and 
murmur were present, most prominent in the second and third interspaces just to the left of 
the sternum. Blood pressure in the arms ranged between 90 and 108 systolic and 20 and 30 
diastolic; blood pressure in the thigh was around 130/40. There was no evidence of de- 
compensation. The electrocardiogram was essentially normal, and roentgenograms were 
compatible with the diagnosis of patent ductus arteriosus, showing slight left ventricular en- 
largement and prominent and actively pulsating pulmonary arteries. Even though the find- 
ings were rather typical, cardiac catheterization was performed; the pressure and oxygen 
content studies were also thought compatible with the diagnosis of patent ductus arteriosus. 

Preoperatively the patient was given 32 mg. of pentobarbital, 1.7 mg. of morphine 

sulphate and 0.3 mg. of atropine. There was an easy induction with ether-cyclopropane- 
oxygen mixture. The operation was begun at 9:45. There was found no true ductus but 
instead a ligamentum arteriosum which on ligation and section showed a tiny lumen about 
the size of a silk thread but through which there had been no definite evidence of any flow 
of blood. A continuous thrill was palpable in the region of the ventricles. The mediastinal 
pleura was sutured, the lungs re-expanded and the chest wall closed in the usual manner. The 
left vagus nerve had been blocked with 4% per cent procaine as soon as the chest had been 
entered. The pulse had ranged between 140 and 160 all through the operation and the 
systolic blood pressure between 110 and 120. Small amounts of ether and cyclopropane had 
been used and during the dissection of the ijigamentum the patient had received a little 1 
per cent sodium pentothal intravenously, a total of 130 mg. having been given. During 
closure of the chest wall the anesthesia was shifted to a nitrous oxide-oxygen mixture. The 
operation was completed at 11:05. The dressing was applied and the chest was examined. 
The lung sounds were normal and the same continuous bruit, which had been heard before 
operation, was audible. At 11:20 aspiration was carried out through the endotracheal tube and 
it was removed. Auscultation was being performed at this time and it was noted that the 
heart sounds ceased as soon as the extubation was accomplished. The tube was immediately 
eplaced. Spontaneous respirations continued for 20 minutes; they were assisted and 100 per 
ent oxygen was administered. As soon as the disaster occurred the chest was reopened and 
he heart was found in standstill. Resuscitation was not accomplished in spite of long massage, 
ntracardiac administration of adrenalin and procaine, and electrical stimulation. 

A post-mortem examination was not obtained. In view of operative evidence suggesting 
ventricular septal defect, it is felt that the erroneous interpretation of the cardiac cathet- 
ization studies resulted from the belief, based upon fiuoroscopic and radiologic evidence, 
iat the tip of the catheter, at the time one important sample was obtained and pressure 
udies were made, was in the proximal portion of the pulmonary artery whereas it almost 
‘rtainly was in the outflow tract of the ventricle. 


Case 3.—The patient was an 18-month-old girl who had been cyanotic since birth. 
he had undergone good development but was markedly limited in her capacity for exercise. 
he had been seen at the age of 11 months and operation had been deferred until she was 
der. She had moderate cyanosis, mild clubbing, a basal systolic murmur, a hematocrit of 44, 
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an arterial oxygen saturation of 75 per cent, electrocardiographie evidence of right ventricular 
preponderance, and typical radiologic findings of tetralogy of Fallot. This diagnosis was 
further confirmed by angiocardiographie observations. 

Preoperatively the patient was given 0.2 mg. of atropine. After Vinethene induction an 
ether-oxygen mixture was administered. The left vagus was blocked with procaine. The 
pulmonary artery was large but its pressure was less than 300 mm. of normal saline solution. 
The operation was begun at 8:00. An anastomosis 3 to 4 mm. in length was made between 
the aorta and the left main pulmonary artery. Just before the anastomosis was performed 
1.5 mg. of curare was given. The pulse rate had remained rather constantly between 130 
and 150 and the systolic blood pressure between 100 and 110. Just after the anastomosis 
had been completed and the clamps on the pulmonary artery released, the heart rate suddenly 
slowed very markedly. Four-tenths milligram of atropine was given intravenously with 
transient increase in the heart rate. The rate returned to 140 immediately after administra- 
tion of an additional 0.4 mg. of atropine and remained at this level during the rest of the 
operation. A slow drip of 0.2 per cent procaine solution had been started shortly after the 
pleural cavity was entered. With the second administration of atropine 1.5 ¢.c. of 2 per cent 
procaine had also been given. Subsequently another 3 ¢.e. of procaine was given in divided 
doses. The vigorous action of the heart and its normal rate continued after the release of 
the aortic clamp. A continuous thrill was now present. The mediastinal pleura was ap- 
The operation was completed 


proximated, the lungs re-expanded, and the chest wall closed. 
about 9:45. The dressing was applied, the lungs were found to be clear to auscultation and 
a loud continuous murmur could be heard. Suction was made upon a catheter passed down 
through the endotracheal tube into the trachea. The patient immediately became pulseless 
and heart sounds and respirations ceased. The lungs were rhythmically inflated with oxygen 
and the chest was quickly re-entered. The heart was in standstill. After a little cardiac 


massage feeble contractions of the heart were initiated. These continued for a short while 
at a slow rate but normal heart action was not restored in spite of continued massage, 
intravenous administration of atropine, and intracardiac adrenalin and procaine. A_ post- 


mortem examination was not obtained. 


Case 4.—This 34-year-old boy had the classical findings of coarctation of the aorta. 
He had enjoyed generally good health, was weil developed, and his physical examination was 
normal except for a loud systolic basal murmur, blood pressure of 130/70 in the arms, 
unobtainable blood pressure in the thighs, excellent pulses in the upper extremities, and no 
palpable pulsation in the aorta or the vessels of the lower extremities. Oscillometric values 
were good in the upper extremities and only a flicker was obtained in the thighs and calves. 


One and one-half milligrams of Mu 2006,* a morphine substitute, and 0.25 mg. of 
atropine were given preoperatively. Ether-oxygen anesthesia was administered after Vinethene 
induction. The operation proceeded with a great deal more facility than is usually the case 
in operations for coarctation. The area of coaretation was excised and the ends of the 
divided aorta were anastomosed with interrupted fine silk sutures. The pulse ranged between 
145 and 165 throughout the operation. The systolic blood pressure was rather constantly 
between 150 and 160 until the aorta was clamped, when it rose to a level of between 180 
and 190. When the clamps were removed from the aorta the systolic pressure fell to a level 
of about 165. The operation was completed in two and one-half hours. The dressing was 
applied to the wound. The patient was placed on his back and secretions were aspirated 
from the nose and throat. Aspiration was carried out through the endotracheal tube and a 
small amount of mucus was obtained. Suction was again applied in the nasopharynx and 
a second aspiration through the endotracheal tube was productive of only a small amount 
of mucus. The patient was sufficiently light that he opened his eyes and coughed during 
this procedure. Just as the endotracheal tube was withdrawn, the patient regurgitated a 


*Found on clinical study here to be an apparently safe drug. 
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rather large amount of watery gastric contents which filled his mouth and nose. He was 
immediately placed in Trendelenburg position and the material was aspirated from the 
nasopharynx. The patient’s color had become ashen gray as soon as the accident occurred 
and when his color did not improve with a few rapid manual compressions of the bag, 
suction was applied to a tube placed in the trachea under direct vision and only a slight 
amount of fluid was obtained. He did not react at all to direct exposure of the larynx or to 
the aspiration. Only a few feeble gasping respirations occurred. The patient was re-entubated 
and the lungs rhymthically inflated with oxygen. All of this had only taken a few moments 
and now it was quite evident that the patient was pulseless and without heartbeat and it 
seemed likely that cessation of cardiae function had occurred simultaneously with the 
extubation and regurgitation. The chest was reopened and the heart was found in stand- 
still. Efforts at resuscitation, which included cardiac massage, intracardiac injection of 
adrenalin and procaine, and electrie shock to the heart, were to no avail. 

At post-mortem examination the repaired aorta was found to be in good condition. In 
the right main-stem bronchus there was a mucous plug which occluded a large portion of the 
lumen and there was scattered patchy atelectasis of the right lung and to a lesser extent 
of the left. It was the pathologist’s impression that the degree of atelectasis was not 
sufficient to account for the sudden death and that the opinion of the anesthetist and 
surgeon that death was due to reflex cardiac arrest was a more likely explanation. 


CASE 5.—The patient was a 42-year-old woman who had had repeated episodes of upper 
gastrointestinal hemorrhage since the age of 27. She had had ascites off and on since the 
age of 28 and had on occasions required paracentesis. She had taken digitalis more or less 
constantly since the age of 28. Examination revealed auricular fibrillation, ascites, an 
enlarged firm liver, a very large firm spleen, no increase in venous pressare, circulation time 
of 14 seconds, normal urinalysis, severe hypochromie anemia, and a bone marrow which was 
relatively normal. Radiologie examination revealed evidence of an enlarged spleen, esophageal 


varices, normal pyelograms with intravenously administered Diodrast. Electrocardiographie 


examination gave evidence of myocardial damage and auricular fibrillation. There was 
obviously some impairment of liver function. Thymol turbidity was 8.5 units, bilirubin 1 mg. 
per cent, cephalin flocculation 4+, bromsulfalein 20 per cent retention, prothrombin 42.5 per 
cent, total proteins 6.42 mg. per cent, albumin 4.22 per cent. After hemoglobin had been 
raised to a level of 11 Gm. by repeated blood transfusions, she was explored through a 
combined abdominal thoracie approach. 

The preoperative medication consisted of 100 mg. of pentobarbital the preceding night 
and 10 mg. of morphine sulphate and 0.4 mg. of scopalamine before operation. The induction 
was accomplished with cyclopropane and oxygen; thereafter anesthesia was maintained with 
a mixture of ether and oxygen. Splenectomy was very difficult because of the tremendous 
venous collateral circulation, the large size of the spleen, and the extensive adhesions to it. 
In spite of great care there was considerable blood loss and 2,000 ¢.c. of blood were given 
intravenously. The systolic blood pressure varied between 100 and 110 and continued at this 
level throughout the long operation until just about the time the spleen was removed. At this 
time there was a drop to 80/50 but by the time the operation was completed the pressure was 
100/60 and had been at this level for over one-half an hour. It had been hoped that a 
splenorenal anastomosis could be performed. Since, however, the splenectomy itself had proved 
so extraordinarily difficult and time consuming, it was felt unwise to subject the patient to 
further operation. After the spleen was removed, it was a tedious matter to secure complete 
hemostasis and the operation was finally completed 5 hours and 15 minutes after its beginning. 

At the time of extubation the patient seemed in excellent condition. The pulse was 112, 
blood pressure 100/60. As the tube was removed the patient assumed an ashen gray color 
and pulse and blood pressure were not obtainable. She continued to breathe well and was 
given oxygen. Intubation was quickly carried out, the chest was opened, the heart massaged 
and intracardiae injections of procaine, Coramine, and adrenalin were given without success. 
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An arterial transfusion was begun and i,000 ¢.c. of blood and 1,000 e.c. of plasma were 
infused rapidly during the period of cardiac massage. Post-mortem examination was not 
carried out. 

DISCUSSION 

There are certain features which are common to all five cases. All were 
performed under endotracheal anesthesia and in all the to-and-fro absorption 
technique was used. The actual intubation was easily carried out in each in- 
stance. In all the respirations were carefully and regularly assisted by manual 
compression of the bag. In all the anesthesia was light at the close of the 
procedure and at the time of the terminal aspiration through the endotracheal 
tube or extubation. In all the anesthesia was smooth and satisfactory from the 
standpoint both of surgeon’ and anesthetist. All of the patients had known 
cardiac disease. Two had tetralogy of Fallot, one probably a ventricular septal 
defect and questionably a small patent ductus arteriosus, one a coarctation of 
the aorta, and one auricular fibrillation and myocardial damage of unknown 
cause. 

Four of the patients were children, one an adult. Induction was carried 
out with eyclopropane-oxygen in one case, with Vinethene in two, and with 
eyclopropane-ether-oxygen in two (Table I). Anesthesia was maintained with 
ether and oxygen in two eases, and cyclopropane, ether, and oxygen in three. 
In one ease a small amount of Pentothal Sodium was administered intravenously, 
two received dilute procaine solution intravenously, and one of the latter was 
given curare. Blood loss was considerable in one ease, very little in the others. 
In the exceptional case it was felt that the blood loss was replaced during 
operation. In three of the patients the exposed vagus nerve was blocked with 
procaine as soon as the thorax was opened. Two of the patients (Cases 3 and 4) 
were operated upon in the lateral position. The other three were operated 
upon lying upon their backs with one side elevated about 30 or 40 degrees. 

There had been no evidence of alteration of function of the heart during 
the operative procedure in three cases, and in a fourth there had been only 
the briefest relative bradycardia when the chest was first opened and this 
bradycardia had responded instantly to the use of intravenously administered 
atropine. The remaining case, however, was one in which there had been an 
alarming slowing of the heart rate toward the close of the operation. This 
bradycardia too, however, had responded well to administration of atropine. 
One of the operations was exceedingly long and difficult and was attended by a 
transient period of moderate shock though the patient seemed to be in good 
condition at the completion of the procedure. In the other eases it is felt that 
the operations proceeded quite smoothly and that the patients stood them very 
well indeed. 


Except possibly for the fact that all had myocardial disease or congenital 
malformation it would seem that the most plausible factor of significance was 
the fact that these sudden disastrous changes occurred during suction upon a 
tube passed into the trachea through the endotracheal tube or during extubation. 
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Indeed we have met with an apparently similar sudden reflex cardiac death 
during a period of aspiration through the endotracheal tube shortly after a 
thoracotomy had been made in the case of a 20-year-old woman who suffered 
from an infected aneurysm of the ductus arteriosus following its surgical 
ligation.* In seeking to explain such occurrences, one naturally thinks of vagal 
reflexes. In operating upon patients with tetralogy of Fallot it is not an in- 
frequent experience that a relative bradyeardia occurs sometime during the 
operation, and that the normal rapid heart rate can commonly be restored by 
the intravenous administration of atropine. In 1940, Reid and Brace’ demon- 
strated electrocardiographie changes in 10 of 35 patients whom they studied 
during various types of endotracheal manipulation. They attributed these 
changes to a vago-vagal reflex initiated by the mechanical irritation of the 
respiratory tract. In his experimental studies with vagal reflexes Sloan’ found 
that cardiae arrest could be produced in dogs by vagal stimulation provided 
‘ather a marked state of hypoxia existed. Kergin and his associates’ reported 
that the use of an oximeter during intrathoracic operations demonstrated that 
an abrupt drop in oxygen saturation occurred during aspiration through the 
endotracheal tube. Often levels of from 25 to 30 per cent unsaturation occurred 
and, unless oxygen were given under pressure, several minutes were required 
for a return to the pre-existing level of oxygen saturation. My associate and 
I have confirmed the fall in arterial oxygen saturation during such manipula- 
tions. These considerations make it at least a tenable hypothesis that aspiration 
through and withdrawal of the intratracheal tube at the close of the operation 
might conceivably bring about cardiae arrest by effecting a transient state of 
decreased oxygen saturation with resultant increase in susceptibility to vagal 
reflexes. This mechanism might be brought more easly into play, it would 
seem, if in addition a state of hypoxia had existed during the operation. In 
three of the cases reported there was no ¢linical evidence of oxygen unsaturation 
during the operation. In the other two, to be sure, cyanosis was present. In 
both of them, however, as usually happens in eases of tetralogy of Fallot, the 
color was better during anesthesia than it was beforehand. This was especially 
true in Case I and there was further noticeable improvement in color once the 

*The patient had been operated upon seven weeks previously, the multiple transfixion 
and ligation technique of Blalock being used. She was two and one-half months pregnant 
at the time. Three and a half weeks after operation, there developed hoarseness due to paraly- 
asis of the left recurrent laryngeal nerve, chills and fever, and a return of the continuous thrill 
and murmur and wide pulse pressure which had been present before operation. Large doses 
of penicillin, aureomycin, and Chloromycetin failed to control the septicemia which was 
caused by a resistant Staphyloccccis aureus. After preoperative medication with a small 
dose of morphine sulfate and 0.8 mg. of atropine, induction was carried out with cyclopro- 
pane. Anesthesia was maintained with ether and oxygen. The patient’s condition seemed 
good when the pleural cavity was entered. The mediastinal pleura was incised and a tape 
placed around the subclavian artery. At this time, electrocardiograms revealed normal sinus 
rhythm and moderate tachycardia. A few minutes later, the patient was given oxygen under 
pressure, following which a small catheter was passed into the trachea through the endo- 
tracheal tube and suction was applied. It was noted immediately that the heartbeat had dis- 
appeared. The pericardium was opened and ventricular fibrillation was observed. Cardiac 
massage was bezun and a moment later a series of four electric shocks was given. The fibril- 
lation continued and a second series of shocks was administered to the heart, followed by the 
introduction of 40 mg. of procaine into the right ventricle. The fibrillation persisted in spite 
of the subsequent use of electric shock and intraventricular quinidine. Indeed fibrillation 
ceased only thirty minutes af’er its onset as a terminal event and no ventricular contractions 
could be induced. At post-mortem examination there was evidence of chronic passive conges- 


tion of the lungs, liver, and kidneys even though no evidence of heart failure had been ob- 
served clinically before operation. 
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SCHUMACKER AND HAMPTON: SUDDEN DEATH AFTER OPERATION 


anastomosis was completed. In Case 3 improvement in color with anesthesia and 
anastomosis was less striking. In none of the cases were oximeter studies carried 
out during operation and it is recognized that states of arterial oxygen un- 
saturation can escape clinical detection. 

Whether the likelihood of occurrence of such accidents is greater when 
the anesthesia is light than when it is in a somewhat deeper plane is a matter 
which deserves careful study. If aspiration of the tracheal contents and extuba- 
tion are indeed done with somewhat more risk when anesthesia is light such a 
disadvantage would have to be weighed against such advantages of light 
anesthesia at the close of operation as the presence of active cough and swallow- 
ing reflexes. Though careful aspiration is undoubtedly important it would seem 
wise to carry out this procedure with as much expedition as possible in order 
to avoid profound and prolonged decrease in oxygen saturation. One wonders 
too whether each attempt to aspirate any secretions in the trachea should not 
be preceded by full inflation of the lungs with 100 per cent oxygen; whether 
such a practice would reduce the degree of oxygen unsaturation following aspira- 
tion could be determined by oximeter studies. One wonders too whether the ad- 
ministration of atropine toward the close of operation before endotracheal 
manipulation is carried out would confer any additional safety. 

It is recognized that the presentation of these eases and this brief con- 
sideration of the possible mechanisms involved does not in any sense settle the 
problem. It is hoped, however, that it may serve to foster a general awareness 
of such a possible occurrence and to stimulate investigations aimed at throwing 
more light upon the cause and prevention of these disasters. There is one 
additional feature which deserves special comment. From reviewing these 
cases it is evident that completely accurate records of the sequence of events 
and the time relationships of physiologic changes, therapeutic measures insti- 
tuted, and any response to such measures will not be preserved unless there 
exists a prearranged plan according to which one member of the team, and pre- 
ferably the anesthetist’s assistant, assumes among his duties that of recording 
such data immediately. During periods of such stress time may seem to pass 
very rapidly and at times very slowly. When one tries with his associates to 
reconstruct precisely the sequence of events even within a few minutes after 
death has occurred, one finds it almost impossible to secure agreement as to 
exactly what happened and when. If a study of such clinical experiences is to 
be truly helpful, accurate records must be kept. Although it is felt that the 
essential features of the cases reported are accurate, it is recognized that the 
accuracy of many details and especially of their time relationships is only 
approximate. 

SUMMARY AND CONCLUSIONS 

Five cases of patients with congenital malformation of the heart or of 
myocardial disease dying suddenly after completion of operation at the time 
of aspiration through the endotracheal tube or of extubation are presented and 
discussed, and a sixth case is mentioned in which a similar death occurred 


im 
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shortly after operation was begun. A mechanism which may be responsible is 
suggested. A plea is made for awareness of this possible occurrence and for 
clinical and experimental study of its cause and prevention. 
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PNEUMOPERITONEUM IN THE DIFFERENTIAL DIAGNOSIS OF 
DIAPHRAGMATIC HERNIA 


RicHarpD C. Cuiay, M.D., AND C. RoLtins HaNton, M.D.* 
BALTIMORE, Mp. 


E HAVE recently employed pneumoperitoneum as a diagnostic aid in 

four eases of diaphragmatic hernia simulating intrathoracic tumor or 
cyst. The lesion in these four patients had been detected by routine roent- 
genography of the chest, and in every instance thoracotomy had been advised 
as a diagnostic or therapeutic measure. 

Increasing use of mass radiological surveys has resulted in the detection 
of numerous asymptomatic thoracic lesions which present a vexing problem in 
diagnosis and treatment. Since in many of these lesions thoracotomy is ad- 
vised primarily for diagnosis, it is apparent that operation could often be 
avoided if more accurate nonoperative diagnostic measures were available. 
In the four cases under discussion there was uncertainty not only as to the 
nature of the lesion but also concerning its position relative to the diaphragm. 
In these circumstances pneumoperitoneum proved to be a simple and valuable 
diagnostic maneuver. 

The technique of inducing artificial pneumoperitoneum has been described 
frequently. Our method is essentially that described by Mitchell and asso- 
ciates.!. After local infiltration anesthesia a one and one-half inch, 19 gauge, 
short bevel pneumothorax needle with a side opening proximal to its tip is 
introduced two inches below and to the left of the umbilicus. It is generally 
easy to detect the entry of the needle into the peritoneal cavity; this is cor- 
roborated by gentle introduction of 2 ¢.c. of air by means of a small syringe. 
Localized pain at the injection site, or ability to withdraw readily the injected 
air, suggests that the needle is outside the peritoneal cavity; air injected into 
the peritoneal space usually ‘passes quickly out of reach of the needle. Injee- 
tion should not be made if blood is obtained upon aspiration. Neglect of this 
precaution may lead to injection of air into a solid viseus with possibly fatal 
air embolism. If the initial air enters freely, a total of 250 to 300 ¢.c. may be 
introduced under low pressure; use of a pneumothorax machine is helpful but 
not essential if care is exercised to avoid forceful introduction when a syringe is 
used. In two instances we used pneumoperitoneum as an outpatient procedure 
without interference with the patient’s normal activities. 


CASE REPORTS 
Case 1.—bD. H. (J. H. H. No. 483548). This 14-year-old white schoolboy came to the 
Johns Hopkins Hospital on Dec. 6, 1948, for advice concerning the management of a . 
‘tumor of the left lung’’ which had been diagnosed elsewhere. He gave a history of 
From the Department of Surgery of The Johns Hopkins University and The Johns 
Hopkins Hospital. 
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‘*asthma’’ 


during the first two years of life followed by ‘‘bronchopneumonia’’ which 
left no obvious ill effects. Except for these early respiratory difficulties he had been con- 
sidered a strong, healthy, and unusually well-developed boy. Shortly before entry, during 
a routine roentgenologie survey for tuberculosis, he had been found to have some thoracic 
abnormality. After full-size roentgenograms had been taken, together with fluoroscopy 
and barium swallow, his local physician diagnosed a ‘‘tumor of the left lung’’ and advised 
surgical treatment. Before submitting to operation he was brought to the hospital for 
another opinion. There had been no symptoms of any sort. 


Fig. 1. Fig. 2 
Fig. 1.—(D. H.) Roentgenogram in posteroanterior projection. The suspected “tumor” is 
seen in the region of the left diaphragm. 
Fig. 2.—(D. H.) Lateral roentgenogram in extreme inspiration. The anterior portion of 
the diaphragm fails to descend. 


Examination showed a 14-year-old boy nearly six feet tall and weighing 170 pounds. 


Except for a supernumerary nipple on the left side nothing unusual was observed on physi- 


‘al examination. The heart and lungs appeared normal. Roentgenography of the chest 
showed a ‘‘density’’ at the lower portion of the left lung field between the chest wall and 
the left lateral border of the heart. In the posteroanterior view this seemed to be sausage- 
shaped and measured 6.5 by 4 cm. (Fig. 1). A lateral view in extreme inspiration (Fig. 2) 
showed the lesion to lie anteriorly and apparently below the diaphragm. On fluoroscopy 
the lateral and posterior portions of the diaphragm seemed to descend well, the antero- 
medial portion being held up as a rounded knob. This condition is well shown by a left 
anterior oblique view (Fig. 3) taken in full inspiration. From these studies it seemed 
unlikely that the lesion lay above the diaphragm, but its exact nature could not be deter- 
mined. 

For this reason a pneumoperitoneum was induced with 250 ¢.c, of air by the technique 
previously described. A roentgenogram following this (Fig. 4) demonstrated conclusively 
that the radiologic appearance which had initially excited concern was due to elevation and 
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Fig. 3. Fig. 4. 


Fig. 3.—(D. H.) Left anterior oblique roentgenogram in extreme inspiration. Only the 


posterolateral portion of the left diaphragm descends. 


Fig. 4.—(D. H.) Roentgenogram in posteroanterior projection with pneumoperitoneum. 
The lateral portion of the left diaphragm is elevated (arrows), but there is no evidence of 
tumor on the upper or lower diaphragmatic surface. 


Fig. 5. Fig. 6. 
Fig. 5.—(X. S.) Roentgenogram in posteroanterior projection showing smoothly rounded 
bulge above the normal contour of the right diaphragm. 


Fig. 6.—(X. S.) Lateral roentgenogram showing bulge anterior to midportion of dia- 
phragm overlapping the heart shadow. 
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paresis of a portion of the left diaphragm, with no evidence of tumor attached to either 
the upper or the lower surface. The patient’s family was reassured, and no treatment was 
advised, When last seen in October, 1949, he was asymptomatic, and the roentgenologic 
appearance was unchanged. 


Case 2.—X. 8. (J. H. H. No. 108672). This 70-year-old housewife was referred to the 
Private Out-Patient Service on Dec. 21, 1948, after her local physician had detected a 
roentgenologic abnormality in association with the right diaphragm. For more than twenty- 
five years she had been followed sporadically in the outpatient department because of 
menstrual difticulties, pain in the lower abdomen, and a variety of other poorly defined 
complaints. Attempts at visualization of the gall bledder had failed on four occasions and 
a cholecystectomy had been advised, but was refused by the patient. In 1941 an upper 
gastrointestinal series was reported as normal, and no abnormality of the diaphragm was 


noted. 


Fig. 7. Fig. 8. 


Fig. 7.—(X. S.) Roentgenogram in posteroanterior projection during extreme inspiration. 
The lateral border of the right diaphragm descends well while the central portion remains 
elevated. 

Fig. 8.—(X. 8S.) Roentgenogram in posteroanterior projection with pneumoperitoneum. 
The line indicated by arrows represents the thinned-out central portion of right diaphragm 
with the remaining active portion nearly two interspaces below this. 


Physical examination showed only slight hypertension and obesity. There was no 
abnormality of the chest. Routine laboratory studies of blocd and urine were not remark- 
able. 

The patient brought with her a roentgenogram of the chest taken in the postero- 
anterior projection (Fig. 5). This showed a smoothly rounded bulge above the diaphragm 
in the right lower chest, apparently separate from the normal contour of the diaphragm. 
In the lateral view (Fig. 6) this lesion lay anterior to the midportion of the diaphragm, 
overlapping the heart shadow. On fluoroscopy in extreme inspiration the lateral portion 
of the diaphragm seemed to descend, but the central portion moved very slightly (Fig. 7). 
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Fig. 9. Fig. 10. 
Fig. 9.—(1I. G.) Roentgenogram in posteroanterior projection showing bulge above right 
diaphragm continuous with border of the heart. 
Fig. 10.—(1. G.) Lateral roentgenogram showing rounded lesion far anteriorly just above 
normal contour of the diaphragm overlying the heart. 


Fig. 11. Fig. 12. 

Fig. 11.—(1. G.) Roentgenogram in posteroanterior projection with pneumoperitoneum. 
Both diaphragms are well outlined by air, with the arrows indicating the borders of the hernia 
through the right diaphragm. 

Fig. 12.—(V. G.)Roentgenogram in posteroanterior projection showing shift of heart 
and mediastinum to right. The bulging of the mass in the lower right chest obliterates the 
normal cardiophrenic angle 
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Pneumoperitoneum with 250 ¢.c. of air was induced in the outpatient department. 
A roentgenogram (Fig. 8) demonstrated air outlining the highest limits of the previously 
noted density. This upper limit was bounded by a thin line presumably representing a 
thinned-out portion of diaphragm with the remaining active portion lying two interspaces 
below this. This 70-year-old patient suffered no ill effects from the procedure. She wes 
reassured and no treatment was recommended, 


Case 3.—I. G. (J. H. H. No. 493822). This 48-year-old white pharmacist was ad- 
mitted to the Johns Hopkins Hospital as a patient of Dr. George Finney on Mar. 15, 1949. 
Three months before admission a ‘‘mass in the right lung field’’ had been discovered by 
his local physician following routine roentgenography of the chest. He gave a history of 
bronchopneumonia at the age of 8 years. There had been a nonproductive cough for many 
years. Except for this there had been no cardiorespiratory symptoms. Bronchoscopy and 
bronchography elsewhere had given no significant information concerning the nature of 


” 


the ‘‘mass’’ in the right lung area. 


Fig. 14. 


Fig. 13.—(V. G.) Lateral roentgenogram showing rounded retrocardiac density low in the 
chest. Before admission this had been diagnosed as a posterior mediastinal tumor or cyst. 


Fig. 14.—(V. G.) Roentgenogram in posteroanterior projection, with pneumoperitoneum. 
Air is visib'e under the left diaphragm and at the lateral border of the density in the right 
cardiophrenic angle, 


On admission he was found to be an adequately nourished man who did not seem ill. 
There were multiple telangiectatic lesions of the skin. A few respiratory rales and rhonchi 
were detected at the base of the right lung. Temperature, pulse, respirations, and routine 
laboratory studies of blood and urine showed no abnormality. 

A roentgenogram of the chest in the posteroanterior projection showed the lesion 
which had initiated the investigation (Fig. 9). It appeared to be above the diaphragm, 
close to the right border of the heart. A lateral view showed it to lie anteriorly (Fig. 10) 
just behind the sternum. 


A gastrointestinal series and barium enema showed no evidence of gastrointestinal 
contents in the region of the lesion, There were a few diverticula of the ascending colon. 
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Diagnostic pneumoperitoneum was performed, 300 ¢.c. of air being introduced by the 
usual technique. A roentgenogram following this showed both diaphragms well outlined 
by underlying pockets of air which also filled the region of the ‘‘mass’’ near the right 
border of the heart (Fig. 11). Since barium studies had shown no stomach or bowel in the 
hernia, and because he was essentially asymptomatic, no treatment was advised. 


Case 4.—V. G. (J.H.H. No. 535604). This 49-year-old white woman entered the 
Johns Hopkins Hospital on April 24, 1950, because of the discovery of a mass in her right 
chest thought to be a posterior mediastinal tumor or cyst. She had always enjoyed good 
health, with no gastrointestinal or cardiorespiratory symptoms. 





Fig. 15.—(V.G.) Lateral roentgenogram with pneumoperitoneum. There is no air at the apex 
of the rounded density for reasons detailed in the text. 


Two months before entry, after a severe respiratory illness, the patient began to 
have pain in her right shoulder and scapula and a cough productive of small amounts of 
mucus. Her physician detected dullness at the base of the right lung and a frietion rub, 
and treated her with penicillin. Roentgenologic study of the chest revealed a retrocardiac 
mass on the right, and a mediastinal shift to the right. The cough disappeared in a few 
days, and she was left with only a pain in the right shoulder. This pain subsequently 
shifted to the left shoulder; hence, it seems unlikely that it was related to the disease 
process in the region of the right diaphragm. A review by her physician of chest roent- 
genograms made in 1946 and 1949, when the patient was perfectly well, revealed the same 
right-sided retrocardiac mass and a shift of the mediastinum to the right. The discovery 
of a ‘‘chest tumor’’ in this patient was therefore an accidental occurrence during the 
investigation of a respiratory illness. 

On admission to the hospital the only significant physical signs were dullness to per- 
cussion and diminution of breath sounds and tactile fremitus over the posterior right chest 


below the angle of the scapula. The dullness did not shift on deep inspiration. The 


trachea was deviated to the right. 
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Roentgenograms (Figs. 12 and 18) and fluoroscopy of the chest revealed a shift of 
the heart and mediastinum to the right. Both sides of the diaphragm moved adequately. 
In the posterior portion of the right chest, partly behind the heart, there was a rounded 
mass 8 em. in diameter. Inferiorly it was indistinguishable from the diaphragm. It did 
not move with deglutition, inspiration, or cardiac action. A cervical rib was seen on the 
right. The stomach, esophagus, and duodenum were shown by barium swallow to be in 
normal position. Bronehoseopy showed an intrinsically normal bronchial tree with dis- 


tortion of the right main bronchus by external pressure. 
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Fig. 16.—A., The boss of liver covered by thin sac is seen projecting through the dia- 
phragmatic defect. Adhesions between hernia sac and lung have been divided. Insert shows 
incision over eighth rib. B., Schematic cross section through hernia to show limited extent 
of peritoneal covering on hernia. This explains the failure of pneumoperitoneum completely 
to surround the herniated liver. 
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Differential diagnosis lay between a diaphragmatic hernia, probably containing liver, 
and a posterior mediastinal tumor or cyst. A diagnostic pneumoperitoneum (300 e.c. of 
air) was induced, and roentgenograms were made in the upright position. There was lack 
of agreement about interpretation of the films (Figs. 14 and 15). However, it seemed 
definite that air had entered the lesion, although it was visible only in the posteroanterior 
view. It was therefore thought that the mass was a diaphragmatic hernia with its con- 
tents adherent to the sac except on the right side. The shift of the mediastinum to the 
right could not be explained, as in Wagner’s case.20 Because of the disagreement in inter- 
pretation of the x-rays and the patient’s great concern over the mass in her chest, tho- 
racotomy was agreed upon. 
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Fig. 17.—A, Aberrant artery which enters thorax through diaphragmatic defect is shown 
dividing before supplying lower lobe of lung. B., Constricted pedicle of herniated liver is 
shown after removal of sac. Method of placement of first row of sutures in diaphragmatic 
defect is shown. 
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On April 29, 1950, the right chest was entered through the bed of the eighth rib. All 
lobes of the lung were found expanded which ruled out atelectasis as a cause of the 
mediastinal shift. The lower lobe was everywhere adherent to the diaphragm by filmy 
adhesions. When the adhesions were freed the mass was seen to be a knob of liver covered 
by a thin sae. The failure of the pneumoperitoneum to outline the mass completely was 
due to inclusion in the sac of much of the bare area of the liver, which is, of course, extra- 


peritoneal (Fig. 16). 
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Fig. 18.—A., Reduction of the hernia is being completed as suturing of defect in dia- 
phragm progresses. B., Second row of sutures is nearly complete. Residual defect for passage 
of aberrant artery is shown. 





The sac was thin and transparent, and seemed grossly to contain no muscle fibers. 
It appeared to represent diaphragmatic pleura fused with peritoneum except at the bare 
area of the liver where the peritoneum is deficient. Anteriorly, laterally, and medially the 
hernial ring was bounded by thick diaphragmatic muscle. The defect was horseshoe 
shaped and lay in the posterolateral portion of the diaphragm. Passing through the pos- 
terolateral part of the hernial opening was an artery about 4 mm. in diameter, which arose 
below the diaphragm and arborized over the inferior surface of the lower lobe of the right 
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When the hernial ring was dissected free, the projecting liver was seen 


lung (Fig 17, 4).* 
After 


to be a boss with a broad pedicle constricted by the diaphragmatie ring (Fig. 17,B). 
this projection was pushed down below the diaphragm, a two-layer closure of the dia- 
phragmatie defect was carried out with interrupted sutures of silk. The line of suture 
began at the central tendon and progressed toward the posterolateral chest wall, approxi- 
mating the limbs of the horseshoe until a triangular defect 2 em. in size remained (Fig. 18). 
Further closure would have produced undesirable tension on the suture line and would also 
For these reasons the small postero- 


have necessitated division of the anomalous artery. 
The 


lateral defect was left, and the chest was closed with intercostal catheter drainage. 


phrenic nerve was not crushed. 


projection made six weeks after 


Fig. 19.—(V. G.) Roentgenogram in posteroanterior ped 
sti 


operation. There is some elevation of the right diaphragm, and the mediastinum is 
shifted to the right. The previously herniated liver is no longer seen. 


The patient was ambulatory from her sixth postoperative day. Fluoroscopy on the 
thirteenth postoperative day showed no change in the mediastinal shift to the right. The 
right lung base was hazy, but there was no evidence of a hernia. The patient left the 
hospital on the fourteenth postoperative day. A film made six weeks after operation (Fig. 
19) shows the diaphragm intact and somewhat elevated, and the mediastinum still shifted 
to the right. 

It should be noted that this patient had a right cervical rib, a congenital diaphrag- 
matic hernia, and an anomalous artery to the lower lobe of the right lung, a remarkable 


triad of developmental abnormalities. 
DISCUSSION 
The usefulness of any diagnostic test is determined by its applicability and 
by the degree of attendant inconvenience or danger when measured against 


*Such anomalous arteries to the lung have been discussed by Bruwer, Claggett, and 


McDonald.? 
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the value of the information obtained. By these criteria there seems to be a 
place for pneumoperitoneum in the investigation of certain lesions. 

In regard to the applicability of diagnostic pneumoperitoneum, there have 
been many suggestions for its use. It has been considered applicable in out- 
lining the pelvic organs,* in locating subphrenie abscess,‘ in distinguishing 
hepatic abscess from nodular cirrhosis,® and in determining whether inflamma- 
tory lesions lie above or below the diaphragm.’ It seems ideally suited for the 
determination of the position of any lesion relative to the diaphragm, and 
there is occasional reference to its use in the voluminous literature on so-called 
eventration of the diaphragm. Most publications on the subject of eventra- 
tion are confusing or misleading, and for an extended critical discussion of 
the topic one should consult the reviews of Korns® and Reed and Borden.’ 

Leaving etymology and historical perspective to such reviews, one may, 
perhaps arbitrarily, consider eventration as a uniform elevation of one leaf of 
the diaphragm. Such elevation may be congenital or may occur as a result of 
various poorly understood lesions of the phrenic nerve or the diaphragm itself. 
Elevation of the hemidiaphragm following surgical crushing of the phrenic 
nerve is not considered an eventration, although it fulfills the usual criteria 
for this entity. In contrast, any localized protrusion through the diaphragm, 
whether it be congenital or acquired, and irrespective of the presence or ab- 
sence of a sac, may properly be called a diaphragmatic hernia. Straddling 
the issue by the use of such a term as “localized eventration” for what is essen- 
tially a hernia seems to us a further source of confusion between two clearly 
delimited entities. The distinction between eventration and hernia of the 
diaphragm by roentgenographie study after pneumoperitoneum was sug- 
gested by Schlect and Wels,*° who actually employed the procedure. By 
means of pneumoperitoneum Walton’? demonstrated an eventration, and 
Pacheco" proved that a mass in the lower part of a patient’s right chest was 
situated below the diaphragm. He believed this to be an hydatid cyst, and 
only at thoracotomy was it shown to be a diaphragmatic hernia containing 
liver and gall bladder. A number of other authors’ '* 1 suggested that such 
a maneuver might be used, but made no mention of actual clinical application. 

It is only recently that the radiological “survey lesion” in the lung fields 
has rendered diagnosis and therapy in this area much more complex. Most 
of these lesions are clearly above the diaphragm, but those low in the lung 
fields ean be confused with subdiaphragmatie processes. Clark and co-workers'® 
mentioned the use of pneumoperitoneum in distinguishing such pulmonary 
lesions from diaphragmatic hernia. Lilienthal’® and Wolfson and Goldman” 
have reported operations for supposed mediastinal tumor in which diaphrag- 
matie hernia containing liver was found. In each ease the authors noted that 
a pneumoperitoneum would have led to the proper diagnosis before operation. 
Patients reported by Harrington,* Gross,’ Wagner,”° and Bradley and 
Greiner?! were thought to have a mediastinal cyst or tumor, and at operation 
or at autopsy all were found to have diaphragmatic hernia. In these cases it 
seems likely that roentgenography after pneumoperitoneum would have led to 
the proper diagnosis without operation. 
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After pneumoperitoneum was introduced into this country as a diagnostic 
aid by Stein and Stewart,’ it enjoyed a brief popularity which was diminished 
by Case’s report?* of four deaths gathered from the literature and from exten- 
sive correspondence with physicians. Eight additional deaths are noted up to 
1947 in the report of Mitchell and his associates! on therapeutic pneumoperi- 
toneum, and there are doubtless a number of unreported fatalities. In 1919 
Schlecht and Wels’ reported a death due to perforation of a gang’enous area 
of the stomach three weeks after pneumoperitoneum. This appears to have 
been due to strangulation of the stomach in a diaphragmatic hernia, and the 
authors considered it unrelated to the pneumoperitoneum. 

We agree that the procedure is not without danger; a fatal instance of 
air embolism occurred some years ago in this hospital during pneumoperi- 
toneum designed to demonstrate a subphrenie abscess. In this ease the tech- 
nieal precautions noted previously were not observed. Most of the reported 
deaths are due to air embolism which can be readily avoided. Despite the 
reported deaths the procedure appears fairly safe when judged in relation to 
the thousands of patients in whom therapeutic pneumoperitoneum is now 
being used repeatedly. 


SUMMARY 


Pneumoperitoneum and subsequent roentgenography have been employed 


in four patients who were thought to have a low-lying intrathoracic tumor or 
cyst. All were shown to have diaphragmatic hernia. 

A earefully performed diagnostic pneumoperitoneum is a relatively safe 
procedure which may enable one to avoid the hazard and inconvenience of 
diagnostic thoracotomy. 
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CARTILAGINOUS TUMORS OF RIBS AND STERNUM 


LAWRENCE W. O’NEAL, M.D., AND LAUREN V. ACKERMAN, M.D. 
St. Louis, Mo. 


"gee tegen tumors of the bony chest wall are only infrequently seen 
but are the most commonly encountered type of primary tumor in this 
region. Any tumor that occurs in bone may also arise in the ribs and in the 
sternum. Because of the singular problems that cartilaginous tumors of the 
chest wall present regarding pathology, prognosis, and surgical treatment, they 
should be given special study. 

Reviews of tumors of the bony thorax are legion. In 1897, Paget** reviewed 
thirty-three tumors of the ribs and sternum, most of which were cartilaginous. 
Hedblom,?* ** in 1921 and in 1933, collected a large number of lesions of ribs and 
sternum, but lack of adequate follow-up as well as the inclusion of metastatic 
tumors and non-neoplastic conditions decreased the value of his work. Heuer?® 
and more recently Kinsella, White, and Koucky**’ have presented reviews of a 
variety of sternal lesions; and in 1939 Harper” studied benign cartilaginous 
tumors of the rib. In 1942, Sommer and Major® collected 66 cases of primary 
neoplasms of the bony thorax which had appeared in the literature after Hed- 
blom’s review, and added fifteen cases of their own. Of this series of eighty-one 
cases, thirty-one (38.4 per cent) appear to be of cartilaginous type, both benign 


and malignant. Dorner and Marcy" in 1948 presented a similar review of the 
intervening years totaling twenty-three cases. Fifteen (65.2 per cent) of these 
were of cartilaginous origin and were designated as chondroma, chondrosareoma, 
osteochondroma, and osteochondrosareoma. Most of the remaining tumors in 
these series were giant cell tumor, Ewing's sarcoma, osteoma, hemangioma, fibro- 


sarcoma, and myeloma. 

We have not encountered a case of osteogenic sarcoma of rib or sternum at 
Barnes Hospital, and we feel that reported cases which are free of the suspicion 
of being chondrosarcomas are extremely rare. This low incidence of osteogenic 
sarcoma of rib and sternum is remarkable in view of the preponderance of 
osteogenic sarcoma over chondrosarcoma in other sites. Phemister,®? in review- 
ing sixty-one bone sarcomas of all sites, found ten (16.4 per cent) were chondro- 
sarcomas. 

Primary malignant tumors of rib and sternum comprise about 10 per cent 
of all primary malignant bone tumors.** In Geschickter’s large series of 488 
cartilaginous tumors," location in ribs and sternum was found in only nineteen 
(3.8 per cent). Of those tumors classified as benign (osteochondroma, chon- 
droma), 3 per cent were in the chest wall; and of those classed as malignant 
(primary and secondary chondromyxosareoma), 5.8 per cent were in the bony 
thorax. 

Received for publication June 2, 1950. 

From the Department of Surgery, Washington University School of Medicine and 
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From the pathologie aspect there has been a great tendency to ‘‘under- 
diagnose’’ these tumors. Many chondrosarcomas, both in our series and in the 
reported cases, were originally called benign. Lichtenstein and Jaffe*’ have 
refined the histologic diagnosis of cartilaginous tumors by establishing criteria 
of malignaney which must be found in viable actively growing portions of the 
tumor: (1) many cells with plump nuclei, (2) more than an oceasional cell 
with two such nuclei, and (3) giant cartilage cells with large single or double 
nuclei or with clumps of chromatin. 

Regarding the pathogenesis of these tumors, Ewing’? and others before him 
back to Virchow considered that cartilaginous tumors could arise from normal 
cartilage or from cartilaginous rests displaced during enchondral osteogenesis. 
Jaffe and Lichtenstein** agreed that displaced cartilaginous rests, usually found 
in the metaphyses, are possible sites of origin of enchondromas; however, Jaffe*? 
hypotheeated that exostoses (osteochondromas, ecchondromas) are the result 
of disordered periosteal activity, and more specifically, that the periosteum may 
form cartilage instead of bone. This hypothesis would explain the occasional 
origin of cartilaginous tumors in rib distant from .the metaphysis. 

Table I shows the eighty-five cases of chondroma, osteochondroma, and chon- 
drosarcoma taken from the literature with the addition of our eleven cases. This 
does not presume to be a complete review of the literature, but only an attempt 
to collect enough eases so that some statistical conclusions might be drawn. The 
low incidence of these types of tumor is indicated by the numerous authors re- 
porting a single case. The 85 cases that are reviewed were reported in 49 
articles. 

Group I (60 eases) consists of tumors diagnosed as malignant, and in Group 
II (36 cases) are those that were called benign. Our eases are all in Group I. 
Certain difficulties, in addition to the tendency of many authors to underdiagnose 
the tumors, were encountered in this review. Before the Bone Sarcoma Registry 
of the American College of Surgeons!” accepted the diagnosis of chondrosarcoma 
as a separate entity from other primary malignant tumors of bone, there was 
considerable confusion in diagnostic terminology. There was also failure in 
many eases to appreciate the distinction between enchondromatous and ecehon- 
dromatous neoplasms. 

Undoubtedly many of the tumors in Group II are malignant. Suspicion is 
east particularly on those cases that recurred, often several times (Cases 69, 77, 
83, 88, 89, 94). Auchincloss’ case (Case 73) must be suspected of being a malig- 
nant tumor because of the ‘‘identical bony nodule’’ in the lung. In other 
instances (Cases 62, 72, 96), the authors themselves imply that there was a 
possibility of malignancy, even though the diagnosis of benign tumor was made. 
Because of these cases, we are skeptical about the entire group, particularly the 
many with poor follow-up. The most convincingly benign tumor is that reported 
by Simpson*! (Case 87). This tumor was heavily ossified and remained radio- 
graphically unchanged over a period of seventeen years. Graham’ believes that 
most of the cartilaginous tumors of the chest wall are malignant. 
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CLINICAL FEATURES 


- Age.—The mean age of the patients at the onset of symptoms in the malig- 
nant Group I was 41.4 years with a range from 11 to 74 years (Fig. 1). In 
Group II the mean age at onset was 32.6 years with a range from birth to 60 


years (Fig. 2). 
GROUP |. 


CASES AGE AT ONSET OF SYMPTOMS 
60 CASES; MEAN = 41.4 YRS. 





15 25 35 45 55 65 75 = Not 
AGE Stated 


Fig. 1.—Age incidence: chondrosarcoma of rib and sternum. 
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an @=GROuP 2. 
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Not 
15 25 35 AGE 45 55 65 Stated 


Fig. 2.—Age incidence: so-called benign tumors of rib and sternum and of the total group. 





tL 





Bulod1esOIpuoYyy 


BUlOIIBSO.IPUOY,) 


BUIODIBSO.IpUOY 


BWOdIBSO1PUOY) 


I opeas 
BUL0DIBSO.IPUOY) 


BULODIBS 
-O1PUOYIOXATY 


BULOIIVS 
-O1PU0YI0I}SO 


Suny SajzVjsu 
“jour “OU § pot 


Ayoatye10d0480d 
sfep g wstoquia 
Arveuoujnd poi 


uorzeiedo [erqyUr 
Jayjze “1h g aoued 
-INVGL YYLM SUIAVT 
‘OU § VdUBIINIAY *d 


‘oul OT ‘sik 
Z sualnoey “q 


"1k 
YL suslINoey *vB 


‘our 8 “IA T 
]]2M pus SulAryT 


syquouL 
g ]JoM pue Surary 


uorye10do 

[etgiur 1a4ze “1A 9 
J0UILIINIGI JO pei 
esouaLINIaYy “Ff 
*UdLINIY “a 
auUeIndIeYy ‘pP 
aUdLINIOY *d 


dUIIINIVY “ 
dUILINIIDY “B 


dUVILINvVIL 
Jo ‘Ow ¢T pad 


io) 


peaoulat ssBul LOLIIJUB JYSII 
[euse}xe asiet ATWO “ak % 2 8) "Ge “eG town J, 
OBIQG2}10A YO IOUL 
-ny Suideios pues 
“> ‘e ‘Z Sqla JO UOT} YS ‘101193 8, LaULO FY] 
-O99SII [BIGOJIOABIVT -sod squt ‘f ‘¢ ‘Zz ued 


pazjeino 
IOWN} ‘ paaTOAuUt 
Sunt pue eined 
peyjeins pus 
punoy sojnpou 
qUaLINDGI = [BlaAeg 
peqjeins 
qit {qt 0} uMOp Jo1ejue “yyst1 
peaowet s0WINy, “8 ‘sql pug pue 4s— own, 


ueyxe} jou vaneld euty Arey 
‘sqtl 436 pue -[IxB LOLI0} UB 
YW YIM worjossoy qyst ‘qi WS ured 


qu WWF 
jo % YIM uorjesey qwysiu “qu YF town y, 


pereyep you suo 
-B1ad0 194}0 OMY, 
[Baowlayy 
[BAouley 
"WL Sues} 
yNoyWM wBanetd 
yo poddtys 
pus ¢ pues ‘fF 
‘e SQL pazoeseyy 10119} UB 
[BAOUey ‘syll ¢ pues “F ‘¢ rowny, 


1OLIIJUB “4ZOT 
UOISIOXd [VIJIVd rk CT ‘sqta G pue ‘F ‘¢ Iowny, 


ST 


bP 


oS 


OF 


836 


Lc6T 


LG6L 


W Tc6L 


Ww Lé6L 


sePOOM 
“yoo'T “¢ 


$zU0} 
-Suieyy 


$zU0} 
-SULLIG]T 


ezWlo[qpeH °G 


zzWlO[qpeyH ‘LT 





SISONDVIC 
$, YOHLAV 


ANOOLIO 


NOLLVUAdO 
Ao 
ANODALVO 


NOILVYAdO DTNAWLVANL NOLLVOOT SWOLAIWAS 
LSulad IVILINI 
MIND 

NOILVUNG 


(‘uA) 
LAUSNO 
adv 


xas | YVGA 


yOH LAV 














puloadipsoupuoyg 27 anos) 


SASVD dO AUVNWAS ‘T WIV 








ustueq 
‘ewoxAwoipuoyy 


BUlODIBSOIpuoy) 


BUODIeSOXAUIOIp 
-uoyd A1Bpuodeg 


BUlOdIvSOXAIOAp 
-uoyd ALBpUOdIEg 


BuUlod1esOXAWIOIp 
-uoyd ATBpuodeg 


Buo0d1BsOXAULO.Ip 
-uoyo AlBpuodveg 


euloo1esoxAWoip 
-uoyo AIBpuodsg 


BuUlod1BsOxAUIOIp 
-uoys AIBpuoddg 


ewoo1esox{woip 
-uoyod ArBpuo0dseg 


BULOIIBSOIPUOY YD 


uol}B18do 
[erytut 1935R 
“ak ZI doueINy 
-OL YYIM SUIATT 
mp) Grea) 

-O1 [BIOT ! oun, 
0} SISBISRION 


“ak [ douelinvay 
“IA § DDUILINIOY 


1k ¢ 
[eM pues suiary 


DUILINIOL [BIO] 
‘SyooM CG : pac] 


‘our QL ‘peg 


“tk 6 
JOM pue Sular'y 


dn-MojjoF 0} 4sor] 
dUILAINIOY 
ddUdLINIIY, 
dUILINIY 


uo1ye10do 

puoves 10358 “1d G 
]]9M pue SuIAry 
doUILINIGY 


dn-aoj[oy} ON 


uorjesedo [erjtut 

Jayge “14 9 parc 
dIUIINIIY 
dU INIOY, 
doUdIINIOY, 


Ayoayy 
-viodoysod pot] 


a[qRyoesed 
-un { uoryesopdxny 
[Baouted 

Suunp peangdna 
own} *‘wnule}s 
JO Spaty}-OMy 
JaMOT pue waned 
YA [BAOUAy 
[BAOUIOY 


squi 
WL-S YA [Baousy 


UDALS 
S[lvjop OU S UOISIOxYy 


UOALS 


S[[Bjep OU *UOISTOXT 


UOISIOXO [BIAvd 


Soult} ¢ JUOUI}JEIN| 


UBALS S[IBJOp OU 
Soul? Z UOTJIBSeY 


UdALS 
S[Ivjep OU {UOTDaSeqT 


UdALS JOU Ss [IBJEp 
SSOUll} E PaJIasSeyy 


Bine[d ea[qBieptsuod 
YIM Sql € pa}.eseyy 


"1 [BIDAVG 


WNW Ss 
[B190} BT 

‘squl WOT ‘6 ‘8 

SQIY 


eydiyjnu ‘squy 


wnuiejs Jedd 


unUddjs 7B 


qu 16 


WS ‘sqiy 


IOII9}UB “Ql pag 


WS “qu YI 


ued 


own, 


ein} 

-OBIF QIY 
s10uln} 
edn 


LOW L, 


oun J, 


10uin} 
pue ured 


ured pue 
own y, 


IOWN 


Iown J, 


TS6. 


O€6T 


6zionod yy 


LgABVULRIA 


L140} 
-YOLyosay 


24404} 
-sO say) 


2140} 
“yotyoses) 


21110} 
-yoTyasey) 


2140} 
-yorppser) 


21140} 
“Worse 


1140} 
-yoryosey) 


e910SUluUulzy 











BuULOdIBS 
-oxXwoipuoyp 


BULOIIBSOAPUOY 


BuUlodIBSOIpUOYY 
BuLoIp 
-uoyd JUBUSTTBIY 


eul0d 
-1gsoxWoIpuoyy 


Bul0d 
-1BS dIUII0I}SO 


(eulo0o1es 
-O1puoyd) BU0d 
-18S dIU8S094SO 


SyoomM 
9 38 voUedINd 
-81 PdZIs-IsuUB10 
YIM ~pung 


“110 gnq Suravy 


Syoom 
Z perndey 


SOSBISB}OUL 
Areuowjnd pue 
IBIS UL “OW [T 
ye aouUdlINIy 


wntiq 
-NUBUL UL ‘OU ¢ 
JB VdUILINIY *B 


SOSBISB 
-joul puw vouUed 
-Indei ‘1k [ peed 


SOSB}SB 
-jou “1k ¢ pBeg 


‘Ou FI 
[JOM pue Sulary 


‘our ¢ ‘1h T 


[OM pue Sulary 


uoly 
-B19d0 WOIZ Pod 


UOISIX9-dY 
peaoulot qi jo 
aoo1d pur 10owny, 


Sqit pug 
pue 4s— jo suory} 
-10d pue aporaey 
WSU Jo suoy 
-10d YIM wniiqnu 
-BUl JO UOLaSOY 
SOSRIIJABD YIG-Z 
JO UOISIAIP [B19} RT 
-Iq 10}JB WnuUs93s 
-plur JO UOTDaSey *B 


ql woig [BAOUIdy 


UOISIOXe [BIW 


sqit 
yye-g JO [Baowey 


quoul 
-yoR}jye Suny, pues 
sqta quese( pe YyQtA\ 

IOUIN} JO UOTJIESEz 
a[qeyooser 
you aouny { Au1030 

be -oBioyy A10;R10[dxnT 


yoyo JJo'] 


wnu 


‘owl ¢ -19}8 JO e1PPUN 


WSU ‘ql YISL 


Sql 1OlLlojJUy 


10119} UB 
‘sqia ¢ ‘F ‘Eg 


G 


(opsue 

ye) «otueysod 

‘owl TT Qyor ‘qu yyy 
JOWI}UB JUST 
mA © SqLt WOT 03 WW9 


IOWN 


ult 


ued 


1own 


6¢ 


W 


2eB19qG0Y “FZ 


2gS.10qOY 


ozStABqg 
y yrodey 


stjeqduiey 


erulded 


6c NOS} BY 
G0G6L 
asBy 
99998) 





SISONDVIG 
S, YOHLAV 


AWOOLDO 


NOLLVUAdO | NOILLVYAdO 


40 


LNAWLVALL NOLLVOOT 
LSula 
MIND 


SWOLAUWAS 
TIVILINI 


(‘ux ) 
LASNO 
aDV 


xas 


YOHLOAV 


AYODALVO | 


NOILVYOd 








a, LNOQO—I AAV 








BULOIIBSOIPUOYL) 


BULODIBSOIpuoyy) 


BUODIBSOIpuOYyY 


BUIODIBS 
-oxAuloI1puoyy 


BULOIIBSOIPUOYH 


BUIODICS 
-09}80-01puoyy 


‘OUL £Z 
]}OM pus surary 


“1k [ 78 ooU0I 
“ANVIL YIM SUIAVT 


(josu0 
19}FV “OU TL) 
‘OU g 4B aoUeL 
-Indel JO paid 


*OuL 

F 3B douo1ind9y 
Ta 

0} ‘Jey{ e0Ued 
-INJIL [BOT ON 
‘oul JZ 


ye dUILINIOY 


‘OU g 
ddUILINIOY 


‘OUL ET 


G 


3B dUIIINIIY 


ystyy pue dyeos 
‘sujoul “14 g pea 
“1k © 4B IBd8 
UL dUBLINIGY *q 
‘Tk T 
BUdIINIL [BIOTT “VB 


aoUaLINdEL 
YIM ‘OU g SULATT 


mworze10do 
PaAly} 10378 ‘OUL gE 
][OM pue SuIAry °o 


‘OUL G aDUALINIOY *q 
‘OU Z BOUDIINIEY “tk 


PoeAOWAL SOPTABLD 
yjoq JO spue J9UUT 
pue wnuiejs s9ddQ "Ik F 


yyMois 
aOYM poaowey ‘oul T 


woseayd 

-BIp JO FBO, YIM 
d01q Ue ZI-§ squ 
pue [TBA 4soyo 
WSU JO UOIsloxG 
[TVA ysoyo 

pue wseiydeip jo 
uolj40d JO UOorIStd 
-xo9 YIM AUI0}Veq 
-O[ AOMOT JYSIY 


qi Sururewoe.s 

aitjUo JO UOISIOXT 

Ivos ul 

IoWn} JO UOIstaxm 

qta jusoel 

-pe pue duns 
qa JO UOIstIOxG *q 

FP] 

‘qu jo yavd pue 

OWN} JO WOISTOXTY 


yno podooss u0ry 

-10d 910B1047B13 UT 
SJB yseyo Fo 

uoljvassip Yor *q 


[eaouroy *v 
saooid J UL [BAOWOY 


dou ind 
-01 JO UWOT}IIS0q 
9ouetInd 
-d1 JO UOTPISeY 
UWOTIDESOY 


HOpoup ¥ 


umulajs ssddQ 1owny, Ch Jd cMBYSpug ‘Og 


uot} 
-ount [Bipuoyd 


-0}809 pig WYSIY Jouny, §9 WwW 61 FeSOUBLl> "GZ 


GLEFS 
10110} 88B) 
-sod ‘ysoyo 4J0'T- iouny, %2z Ww S261 6 ‘20GB 


40110} UB 
Su ‘qi pag 1OWN J, sgpsedg “2g 
IO119}Uv 


yA] ‘squat F ‘e ‘zg OWN J, sgpeedg ‘9z 


do1pid 


WNUII}S IIAMOTT rouln y, Ce6L ss-J1OQOYy °Cs 











BULODIBS 
-O.1PUOYIOI}SO 


BIUOIIBSOIPUOYY) 


BWOIIBSOIPUOYY 


BwodLBSO.1puoYyy) 


BW0d1BS01 puoy) 


BULODIBSOAPUOYY 


‘oul 61 

]JoM pues Surary 
"ak QT 10 
YJAOIS MOTS Udy} 
SyJUOUL Moy B 
UL dUBLINIOY 
SyuUOU Moz 

UL BDUILINIOY 


uo1}e10d0 

pug 10}J7B ‘sad Q 
[Joa pue Surary 
‘sid Z 

yw aoudLINVIyYy 


yasuo 
Ja}jB ‘OU | pve] 


dn-aojjoy ON 


‘oul gt 
]JeM pues suiary 


dn-Mojjoy ON 


oe 
G 


zine] 

pue qu yg jo 
JUOULSOS YIM IOUL 
ny ,, peyedanyxg,, 


19}R 
“aX [ poesodooy 


, uorpedayxg ,, 


Bang] d 
pure s qusoel 
-pB YILM oouetino 
-dl JO UOT 

ql pag 10110} 
-UB JO UOTJ.SII 


Ajuo Asdorg 


Bqit UL 
0} 4sp jo uotjaod 
Jowejsod ‘Baineyd 
‘10un} JO [BAoWey 


wnou 
-o}tied pue vane 
woaz peddiiys 
IowWNny, "[[BAr 
ysoyo pue [BUIWOp 
-y@ qusoe{pe YI 
1OWN} JO [BAOWOY 


BISOY SOUR 
[Bo0yT Jepun UOIstox 


ouly AIBy 
-[IxB LoL1eysod 
YS “qu WE 


JOLIJUB QU pug 


qJOT 10110} 
-sod ‘qtl 436 


}JO] 10110} 
-sod ‘qu Wp 


LOWIJUB JYSLI 
‘Sqit WILL ‘OL °6 
1OWI}UB JYSLI 
‘sqlul WOT pue 6 


IA YT 


“a4 CT 


1OWn J, 


ued 
OWN, 


sno) 


1own |, 


1owny, 


Joule 


sg L¥F6L 


O€ [F6L 


e10ul} 
-uayT pu 
WMBldd TOE 


zp ‘1 elOAB]Y 


egSOUB (* 


egsouvr * 


egSouBl? “CF 


ceSouBe “TE 





SISONDVIC 
S, YWOHLOAV 


‘ 


AWOIOLIO 


NOLLVYUdO 
AO 
AYODELVO 


NOLLVUAdO 





NAW LVAL 


NOLLVOO'I 
LSuld 
MIND 

NOLLVUIG 


SWOLdIVNAS 
IVILINI 


(‘uA ) 
LASNO 
apV 


XUS | YVGA 


aOHLOV 








LNOO—]I ATAV EL 








BULOIIBSOIPUOY 


gU1OIIBSOLPUOYO 


BUlOIIBSOIPUOY 


BULOIPUOIOXATL 


BULIOIIBSOIPUOYO 


Bwod1BsoIpuoyO 


RUINDIBSOIPUOYY 


nv. 
[]OM pues Sut 


U 
L 
AVY 


SyjJUOW Moz UI 
QUILINIGL [BOTT “q 


‘OUL F-dDUAIANVIY “BV 


.dn-Mo][oy ON 
uo1jeiodo paataing 


‘oul Z Speed “q 
‘oul ¢ 
aUdLINIIY “vB 


Apoatyes0do 
-jsod ‘ow GZ 
SOSBISBJIU * PBaC 


SOSB} 

-sejour [eanpida 
pue Areuow[ng 
“af [ perad 


"1k snjd Ze 
,,Afeor A194 
Suoye Suryyas,, 
pue SUIAryT 


Ik 8 
4B douaIINdIIYy 


TOTIISIY 


UOTPIOSAL AIPTAL 
saved [Be 


-19A08 UL PdAouldyy 


UOT}eSSIP yunTq 
Aq yey [etpavo 
-tuadeid pue evaneyd 
WOIf psorfZ 1OUINY 
‘poepoesel WINUII}G 


ssbur AIR] 

-[IxXB JO UOISIOxH *q 
spre} 

-op OU ‘pastoxg “B 


uoljyesstp daivys 
Aq Suny woaz 
peaowst sown, 
*‘peyoesat ATAPI 
sql yy, pue 9 


a[qByoosed 
jou fuorzBs0[dxry 


peaoulat jou 
doBFINS [BIpIVd 
-wod uo sjuepduy 
*poeaoulat JTBAL 
ysoyd JO doy 
iown} yo 
pejoesstp wseayd 
-BIp ‘ paaowed 
squt WIS F YL FO 
suor40d ,, f paste 

-AIJep,, 1ouny, *B 


(eut 
-Nel} 1d 
-438 “Ik $3) 
IX OT 


outy 


ALB] XB pu 


WS 


‘qta WdL 


oul, 


AIBI[LXB PUL 


“3° 


qi 19 


SnporIpepy 


1ot1aysod 


*squa 


WOL-WF 


AreqyIxe 


WS 


‘qu Wo 


IOLI2} 


-sod ‘qyst1 
sql WOL “6 °8 


IOTIIjUB 
ys ‘squ 


Ws 


pue yyy 


ig ‘ogulo HL 
pue 
Aqloype'y 
‘ssBis 


OWN, “l9opuod “EF 


LOWN ze0yee ‘z 


eololeyy 
pue 


IOWN IQWUWLOG ‘TF 


cooley 
pue 


JOU, IBUIMIO "(KF 


egdoleyy 
pure 


ured IIUIWOg “Ge 


soley 
pue 


own y, IIUIWLOG “ge 


GFol 


utd 


(eumviy) 0G LST sz ‘zztodieyy “yg 




















terse Garadnite dgabesi owe AT Snes aa _— ——__—__—__—_—— i in 
08 
(uo1;e10d0 
qsaye 10}zB [Baoulet 
‘our ¢ “Ih 2) jeuaed sayneyped *q 
‘our € peed “q & Sqit UI 
‘Ou 9 pue yO YIM Jour [81038 riho1eyq 
BULOdIBSOIpUOYO aoUdLINIOY *B P -n} JO UolpoSey *B Ik T Sqit yyy pue y9 IOWNY, €¢ W SGI Fue JOUIOg “SF 
(peaowidd 4siy (10uIn} Mou 
1OUIN} QI 19}zFR A{qeqoid) pasta 
‘suf Zp) Apoaty -xo 9[qipueur FO 
-eiadoysod porq *o - BWUOIIBSOIPUOYY *d 
pestoxed Bos 
— 4q € UL dUBLINIOY “q 
AyNoyIp su0s 
WIM po}eredes aut, AIR] 
OpBls MOT “1k eingd ,, $ A[IpBes -[IXB loL1aysod ri o1Bl 
‘eulod1eso.1puoYyy 6 38 potndey “vB 2 yno popeed sseyy,, *B "IX 02 We ‘Qu YL icun J, te Z SF6T Ppue s0uI0gd “LP 
wseiyderp 
( wst[oq pue wnouo0jztued 
-we AreuowNg ) ‘einejd jo uoijs0d 10119} 
apBIs AOT “AJoAT}B10d0 UIA ZI-G Sql jo “UB 4JOT SqIt ggS0Ule ~? 
‘eulod1BSOIpUOYy) -jsod skep S— pod c uoni0d jo uoTjoesoy Ik Z WOT pue wy6G «oun J, €¢ ZL LEGIT pues UOS}VM “OF 
uot} B1edo 
[eytut 19}ze “sak 
g peeq ‘ou eineld pue 6 ‘8 ‘2 
§ sUILINIY *d c Sqil JO UOTSey ‘9 
¢, PoAour 
auUaLINIYy *G E -o1 IOWNY,,, “q 
qi 
‘oul jo ooaid ,F YIN er lOptn 
BUlOdIBSOApUOYy CL duane “8 t 1OWIN} JO [BAOWIAY *B *rA> I sql y96 ‘8 ‘2 OWN, 13 ci L¥6L pues uoPOW “CP 
tg ‘ocUloH 
pure 
sqtt jo (o[5uB aBeu) (£19409 AylOyV'T 
"IX 9 JUIULGAS “WD F YUM 1o11ysod -stp ABI ‘ssid 
BULODIBSOIPUOY T]oM pue Surary + 1OUIN} JO UWOT}Ia8ez Ik T We ‘Qu WIT -X) eUON GF a CEEL -1lapued “FF 
SISONDVId AWOOLIO NOLLVUAdO NOLLVYAdO UNAW LVI NOLLVOOT SWOLUWAS | (HA) | XUS | YVAA yOHLAV 
S, YOHLAV C6) Lsuld IVILINI | LaSNO 
ANODALVO TINO adv 


NOILVaNG 











a, LNOO—T a'1dvL 














T8 











( uo} 
-e1ado peryrut Sossvul OUT 
19}FB “OW FZ ‘Zh 1} quotinveat Jo 
a) ‘oul § peat ‘9 Z [BAoWol [VIB ‘9 
vineid sutAjopun 
‘OUl g youd} ‘aposnut [eiojoed 
SNUIS UL d9UeIIND pue ulys SULT 
-o1 ‘euoXduio -I9A0 +9 °C “FP FO 
dAt}B10d0}80g “q Cc UOlJOOSAL YVOTE “YG 
puryeq [B10] BUL 
,, ASeayp,, aul0s 
YT Suole poeaour 66L6F UBWIEYyV 
-d1 Gil YE peayoa IOTIO} UB “OTN pue 
BUIOIIBSOIPUOYO “OW FZ soUaLINdIYy “eB t “ul JO UOlWOg ‘vB ‘our J qySu ‘qi WE uled cr AN T®®9N,O ‘GS 
wntipieo 
, -tlad 0} poyoR}}B 
JOT TOWN, sNoTA UBULLOYOV 
-qO SA]TIPIM pajoos SLO8G pure 
BUIODIBSOIPUOYY) ‘oul 9 1h F- pea 3 -O1 WNUIO}JS IdMOT ‘oul J UINUIB]S IIMO'T uled St WN ‘N’d'O TP9N,O “LE 
poaowed ATVI 
-1vd sown} suidg 
(uo1je10d0 ‘autds avquin,t jo 
[eujtut 1047B LOWN} SNOULSBII} 
‘our G “Ih QT) -1B) puw wntiuqnu 
eisojdeied jo -BUL UL dUaLINd 
Ssy}UOUL OC peeaq ‘a = -01 YJIM poeiojyug “a 
¢, Opsnur 
qusoel pe wort 
; peaowss speed 
1own} Jayysneq,, 
9U10}09}SO RIAL 
wnudo}s WoIz 
aoUdIINIOY “p g peaowet towns, *p 
quoted 
-jnoO SB poaAoutat 
“IX G sdUALINIEY *d ¢ g[Npou JUudalaNday *o 
wnuieys Jo 
popjestyo pue [Bout 
“1k [ aouerinoey “q ¢ -aooid ~paaowey “q UvULIpV 
9UI0}09}SO YIM FEELS pues 
BulodIBsOIpuoyH ‘AA T ddUaIINIDY “eB € peaower 1oWNy, *B “ah ET wniqnuryy IOUIN J, IL W ‘M‘'0O'H TRP8N.O “OE 
wuseiyderp jo ; 
eul0d1esoxAUL ‘OUL F uotjs0d Sutpnyout Jouin} trAdIBIN 
-OIPUOYI0IISO T}oM pus Surary c ‘UOI}IOSOL [BOIPBY ‘ik fi dye ‘qt WOT pue uleg Be Ww St6I pue AIUIOG ‘“G6F 














punoa ojUL 
pepnij}xo S}Ua}UOD 
ysho puB [BAOTIII 
suunp poeinjdna 
iouny, ‘“wseayd 





-BIp Jo uorjsod ATR 
pue sqit yjZL pue -auo}Liadodjot UBL VY 
‘ow [T poiq ‘ou It ‘OL JO suory suijudsoid 06166 pue 
BUIODIBSOIPUOY) pee AN & od YyIM paaowsy “OW HE PL “UM WEL ured 9¢ W “NM L T89N.O °SS 
*‘peaowlol OWN} 
(u0y jo uorj40d 1038015 
-eiodo [erqtut farqissodmrt [eaow 
qayze “14 Z) -oL JVY} JUd}XO 03 
‘ouL J—pBay “q 3 @AISBAUL A][BDOTT “q 
sensst} 
sunt pue eanod 
OTT B YT 
Sqll Yip pus ‘¢ UBULLIpV 
Va *B 4J9, JO soyour LOLL9JUB 6E99E pue 
Buoy eo BOO ASCE SAG S € JO [BAouOY °v "ak WO “QU pag 1owny, 19 W “Ma “NN T2ON.O “PS 
(uo1ye10do 
[eIytur 103jR 
“14 #) ‘ewutadd << gno 
-ta aAt}eiedo pedooos,, 10uin4 
-jsod—preq ‘p Z JO Sjunowe asiey ‘p 
peaoulot 
poysisiog “od g Ajpeyaed sowny, *9 
Banatd wo1 
pezesstp OWN, 
‘seposnut [B10jzoed 
qusoelpe pues squ 
quooelpe ‘1ouny 
“Ih JO [BAOWAY ‘UOT} 
YL susalindsay “Gq f -e10do0 aseys-OM], “q uBULlaypV 
“1k S[lejep ou ,, paaout IOL19}UB OFCOC pus 
BULOIIBSOIPUOY() YT suslnovey “vB T -a1 1OWN],,, "8 ‘OUL g WSU “qu YF 10WN 89 a ‘NV 1®9N.O “ES 
SISONDVIG ANOOLAO NOLLVUddO NOLLVUAdO LNAN LVI NOLLVOO'L SWOLUWAS | (UA) | XUS | UVAA YOHLAV 
S, YOHLAV ete) LSuld IVILINI | LASNO 
AYODALVO TINO abv 


NOLLVUNd 








(, LNOQO—] alavy 





€8 


‘OW ‘SNOT 3S ‘TeUdsox Oye WnossiT Jo uo}yxeg uYyor “iq pue ppnyw souler “iq Jo Asano. Aq po odsays, 





*10UN} 
PAOWIL 0} Jop10 
UL postour wiseryd 
ey ‘Bane d 

‘qli paaroaut jo 


queprad jou soyout ¢ ‘SqIt YIOT GCF uBudeyyV 
QoUdIINIGY “OUI pue wg juooel IOLI9}UB OYNYD pue 
BuodIBSOIPUOYO ge uké © Suiary c -pe YIM poeyoosoy "IX 9 We ‘qu WWE 1own, ge WwW +H SH 129N,.O ‘09 


S[OSSoA 
UBIAB[IGNS PoAlOA 


-UL JO asnBd0q IqV URW V 
-Joesel JON ‘paaour Io1sejsod Z99ORT pues 
Bwodieso1puoyy OSBd UII 3 -aa ATpeavd sowny, ‘oul ¢ OT ‘que pag ued OL W ‘We 1®°N.O ‘6¢ 
Sqlt 


qusoe(pe Jo wnoejso 
-tuad pue soposnul 
[Bysoora}ut yusoel 
-pe ‘eanetd SutsT 
-lapun ‘aposnu pue 


ulys SutApwoao ‘qi UBULLOyOV 
‘Ou QT : {OL paeajoaut jo 1O1LI9}UB SLIIFI pue 

BVUlOdIVSOIPUOYY []}o4 pus Surary c Fey YIM [Baouray “oul 9 WS ‘qi WOT oun J, 09 K Tee 1®®9N.O ‘8¢ 
UBULIdyOV 
yosuo 10} 5B IOLIO}UB Estee pue 

BUlOd 1 BSOIpUOYO ‘OUL ZZ ped 0 Ayuo Asdorg aos WS ‘qi WWE 1OWN FL nh oy ef TP®=N.O ‘LE 
uBULIOyOV 
paaoulad 1o1seysod COSTIT pue 


BUIOdIBSOAPUOYO dn-Moljoz ON hd Ajpenaed azowny, ‘oul 9 We ‘qu yyy uled Ch it ao [V9N,O ‘9G 














BuUIOIpUuoYyy 


BUWOIPUOYVOIIsSO 


BuoIpuoyy 


BWOIpUOYU 


JUBUSTTBU SUL 
-woveq sdeysod 
‘gulo1puoyoun 


sjued sno 
-yBWOXAUL YIN 
‘eulo.1puoyouy 


dn-Mo][oy ON 


‘om Z ‘Ih T 
]]PM pue Ssurary 


dn-Moyjoy ON 


dn-Mo][oz ON 
‘uoTyB1adO PaATAING 


dn-sojjoy ON 
‘uolyeiedo paATAINg 


ep oatyesodojsod 
[LT Bwoeddwe vary 


-giadoysod—pvoq Z 


WOISTOXTT 


Binajd 0} osevulep 
ynoyyIM vBained 
[ejetsred woaz poyes 
-edeag = ‘aseptaeo 
peyoe}38 pues g pue 
L Sqlt JO UOTeSey 
SoPPSNU [VISOd19} UL 
pue waned [ejoued 
puv sq veiy} 
YJIM pozoasear oun T, 


IOWN} WOIF 
ABMB ,{ PasB,, 
S[OSseA o}RVUTWIOUUT 
*soSR[IJAB. [BISOD 
IST pue ‘soposnut 
[e10yoed sopotaRyo 
jo uojsod YIM 
‘pajoasead WNTUqnuRyy 


poyor}}e 

ysnoy} ‘peaou 

-o1 JOU BAND 

‘Sqli 4ysiy puB seo 

-IABTD YJOG FO suoT} 

-10d Jauut ‘wnuse}s 
aaddn jo wotesey 


peaowar 
apsnut pue eaneyd 
‘puryeq 4ye, Sunt 
0} peyoR}}e UOT} 
-10d {aown} woz 
‘ud ~[ poyooser 

9 pue ¢ ‘Fr ‘€ sqra 


‘oul ¥ LOZ 
YMo1s 


,SIBIZ ,, 


‘ 


“ake 


G 


“Ik | 


Practy: Ga 


IOT1OJUB 
WSU “qh Ws 


ysoyo 
io11a}sod 4yzor] 


wnriqnuryy 


(wniiqnueu ) 
3918 AB[NITA 
-BPVOUIIIS JUYSIY 


YS ‘10110} 
-uB ‘SqlI YA9-page 


JOWN J, 


wed 09 


Os6T 


1owny, 


1owny, 


IOWIN J, 6c ce LO6L 


2140} 


“Yoryosey “99 


sPUOWIOPY “C9 


oruo, “F9 


“PABYOIY “9 


9 dOIXUL 
pue 
aydjosuey ‘79 


resinquy “9 





SISONDSVIa 
S, YOHLAV 


ANOOLNO NOLLVUAdO 
8) 


AYODALVO 


NOLLVYUdO 


NAW LVAL 
LSuld 
MLN 

NOILVUIG 


NOLLVOOT 


SWOLAWAS | (*UA) 
TIVILINI LASNO 
aDV 


XdasS UVGA 


YOHLOV 








ubuag pajjwg-0§ :T dnouy 


SUSVO JO AUVIVWAg 


‘T DIavL 








Baingid pejoued 
pus saposnur [ejs00 
-19}UL YJIM ‘90[q 








ud Sqiu Yip pues A[LOLII}UB “YZOT 
BULoIpUoYyO dn-mojjoy ON G pag YJIM [Baouley "Ik F Sql YjF pus pag own, g Ww LE6L ophqueg ‘OL 
Squat A] 10110} UB 
euloIpuoyD dn-mo]joy ON + OL ‘6 ‘8 ‘eaowoy “ak OT squ OL ‘6 ‘8 OWN J, 12 a CE6L zgA0[OYOR “cL 
gpsons 
‘IA g qu APAO119} -11poy 
BWOIPUOYyI0I}sSO [JOM pue Surary + JIE YIM [BAOUIOY ‘Ou F -sod qt 4s— own |, IZ Ww CE6L pus Binoy; ‘FL 
‘SISBISBJOUL B 9q 
0} Jou ZYSNOY wseaydetp pue 
Sun, ut o[npou zanetd JO pajyoessip 
Auoq [eotjuepy AoA} SSB “Sql O[-2 JO [¥10}8]0190}s0d z8so[o 
*BULO.IPUOYIOIISO -g1adojsod—prac] t [BAO 99B4S-OM "Ik } Siu ‘squ 6 Own, OL Ww e6L -uryppny "ey 
,, SouBUsTpeUl wntpieotied pur 
JO aoueplAad S[PSSOA yBaId 0} roiny} 
jenjoe ynoyyIM,, 1k T aouUeIOYypB FO asnvo JOT {10110} -19qQ 
BUIOIpPUOYyO JOM pues surary 2 -0q [BAOWAL [BAR Ik g -UB ql pug 1OWN J, 6 Ww €&6L pure jauog ‘zy 
quit 10119} 
BwWoOIpuoYyy dn-moyjoy ON fr WOT YIIA peaoureyy ‘ou ¢ -uB qu WWOL own y, 93 Ww S61 ectlA}Og “TL 
poaoulad 10119} 
jou Banoid [eyed -UB 4ZOT SQIt . 
BULOIPUOYI0IISO dn-Mo]joy ON - *[BAOUIOL 99B4S-OM], ‘oul g pag pue puz 1owny, 9g Ww Ek6L szWolqpeH ‘OL 
£194ned ‘WOTQDeS 
‘ow Z ddUaLANIBY *d ¢ -stp davys ‘a}j01ng *9 
paaout 
‘OUL § BDUOIINIA °“q L -O1 aOUdIIINIOY “q 
pastoxe 
BWOIPUOYY ‘OU F BdUAIINIDY “vB if JOUIN} “Wd ¢-Z “B ae WNUII}S JIMO'T iowny, 09 a E&6L szWo[qpeTT “69 
peaoulet jou 
BINdI[q ‘[TBawavard Fipaeyo 
peaoules sOUIN, -uBI_ 
‘sqll yy pues WYSt 10119} pue uos 
BwoipuoYyyO dn-Mojjoy ON g WO YA [Raowsy ‘ou We -sod ‘qui 449 iomny, yg W eE6L -SBIJOT "89 
,,osueyod yueu 
-SI[BUL JO sUSsIS,, 
YIM jasuo 1149} 
BuUloIpuoYyO 19yjye “1A TT Surary 0 uo1jeiedod ON ea WINUIII azouin J, oF Ww T26T -yotyasey “19 








WNULLaIs 8 
¥ a1ounz, JO 





pue 
[Baowoy 


A]LOLI} 
-UB Git 4s| 





‘UOLPUOYVIOISGCE 


-Bi0d0 PodATAIng “oul y 


oun sy 


“ 


. ts iA 


LFOL 





ceSOURL? “$8 





BVUWO1PUoYyI0I}SO 


BUOIPUOYIOIISO 


Beulo1puoyo 
-09}80 usIUeg 


BUo1puoYyy 


BuUlOIpUuoY) USIUeg 


BuO. puoYyy 


eulo1puoyy 


po}e4s 
you dn-moyjoz 
JO OWI}—[[OM 


pelindsoy 


4 


"RB 


dn-Mojjoy ON 


"1k 1Z 
]]eM pues surary 


“a4 
T [Joa pues Ssuiary 


a4 [T 
]JoM pue Surary 


"1k > 
]]OM puwe Surary 


‘oul G 
]}oM pue Sutary 


"1h 
Z sunday 


‘q 


B , 


ype 
ysoyo pue wINuU1e4s 
queoe(pe YIM 
peaourlad OUINY Jos 
-uo 19338 “IA QZ 
<< peaour 

-a1 duny,, 


wo1}yR10dQ 


Bainejd pus 

onsst} 30S ‘asRlty 

-1B) ‘SLL SULLOg 
-YStou YIM [BAOUAy 


- poaowlat 
vaneld SurApiepun 
$10umn} wo1y ABMB 
peaowal assez 
-1B9 [B}SOD JO Your 
[ pue qt Jo yout | 


wntiq 
-NUBUL JO UOIStoxy 


vano[d 

pue 1oWIN} UedAjeq 
podopeaap esBarveoo 
yO oul, ‘paaow 


-d1 WNUII}S JO 
uoljtod pue qi YF 


aoued 

-INJII 1d}FR “Ah 

¢ Banotd pue [BAL 
ysayo JO UOL~osey “q 

pa}oeset you 

BINI[q ‘SQL UF 

pues pig jo u0y 
-10d YJIM [BAOWOY *B 


th ¢€ 


ysoy 
1OLLIJUB JUSTIA 


AJAO110} 
-ue “qi Y}F 


10110} UB 
191 “GI WG 


IOLI9}UB 
WS “que pag 


wnLiqnuryy 


1O119}UL 
491 “QI WP 


10110} 
-uB ‘yystl pag 


Iowny, 


1owny, 


IOWN J, 


(£10400 
-stp Awd 


-X) ou0N 


Iown 


1own J, 


1OUIN J, 


OF 


Ww 


LF6L ceS0UBl’ 


eZOULPIB]Y 
OF6T PUB LOW 


peSouBs 


peSuuB yl’ 


9% ‘ez pBoHL 


‘tzdodiv yy 


Se6oL srel[op 





SISONDVIC 
S, YOHLAV 


AWOOLIO 


NOLLVUGdO 
40 
ANODALVO 


NOILVUAdO 


LNAWLVANL 
LSula 
TIIND 

NOLLVUNG 


NOILVOOT 


SWOLAWAS 
TIVILINI 


(‘aA) 
LAaSNO 
adv 


xas 


UVGA YOHLOAV 








a, LNOO—I I1avL 








BULOLPUOIOIISO 


BwUoIpuoYyy 


BIOL pUOYO 


BUOIpUoYyyO 


VULOIPWOYI0I}SO 


( uot} B10UeSap 
sno}euUloxAUt ) 
eulo1puoyy 


RWOIpUOYyD usTUIg 


‘UO0d PUOYP0I}8O 


‘Ou 0Z 
TOM pue Surary 


‘our Z ‘AA F 
T]oM pues Surary 


pth § 


JOM pue Surary 


,uoly 


-e10d0 4sBl 10}ZFR 


‘OUL QT ‘Sud 9 
]}oM pus Sulary *o 


‘OU g dDUBIINDAY “q 


DUILINIIY “B 


‘OuL § 
[Jaa pues Surry 


uorjyBinp 

"14 OG JO 10WIN} 
‘TBM yseyo ul 

UOTJIOJUL JO posi 


poze4s JOU JULI} 
SaoUalINIGI ON 


dn 


-wied0 PoATAIng 


umneUu0} 
-tuad Yo poyzoas 
-sIp downy, “eaneyd 
pus sq IT-6 
‘BaOWal ossBUL UY 


‘md [ JO 

yidep 0} paaouwos 

wnuiajs JO vu0g 
*paaowlat OWN, 


UL 970 

SIy} puR soTpoqg 
[e1qo}19A papa 
-uL town, “eBaineld 
[eyetred = wo1z 
peddtys s0umn4 
‘peqooset sqtl 436-9 


JoUl} SNUIS WOIT 
ajnpou JO UOIstox *d 
wntpaedtied 
2ine[d Jo payoos 
“SIP t1-g Ssese[tqieo 
]ejsoo jo suots0d 
‘sn[OIpepo YypEAL 
peaoulat 10UIN, “q 
WNUII}IS WOIF 
peyoimso i0wNy, *B 


own} 
woiz ABMB pad 
-diys vained ‘pug 
jo uorsod pur 
ql 4s— JO [BAOUIAY 


uor1jyBiedo ON 


asepyaeo pue 
qt jusoefpe yyLM 
ioun} JO [BAoWay 


UNUld|s IuLoOSs pue 
aouny JO [BAO OY 


‘Ou OT 


Ik 03 


quoUL 
-}891} ON 


"1h 

€ yor 

“pooypTtys 

aouls 
IOWN, 


ALB] [LXB PUL 
OL “QU OT 


wniiqnueut 
pue snjorpepy 


qJoL ATLO110} 
-sod ‘qi yyy 


SN[OIpBly 


1ot1a}sod 
FOL “QIL 4ST 


[1B ysayo 
JOTII}UB FYSTY 


-LOTIOJUB QU 4ST 


A]AOLI} 
-uB Git 4ST 


10wIny, ; SP6L 


1owny, 


ewoipuds 
§, LOULOH] 


IOWwn, 


1OWN ST, 





egioleyy 
pue 
IBUIWIOG “TE 


egloleyy 
pue 
IBWIMIOG “0G 


egloleyy 
pus 
IBUUIOG “Gg 


egl ole 
pue 
AIWULOG 


rguosduig 


egSouvsl 


cgsouer 





‘g ‘2 


88 
‘u0I}e19doO SulMo][oy saved QT pue ‘GT ‘gT 3 [Jem ApUoIedde puv SulAT] a19M (J VIQVL Ul A[eATJOVdSeI1 Tp pue ‘68 ‘gg SaseD) 6 pUe 
‘ON Seseo s,ofeyY pue JamWOg yey} SN posuUIOjUL ‘UBSIYOIIN ‘10qily uUuy jo JYSTe_Y UOIBWIBH “Ad ‘peyaiduioo sem Joded sty} Jo uoleiedaid 13933 Vs 





BULOIPUOYI094SC, 


BULOIPUOYIOI}SC, 


BuUloIpuoYyy 


RuUlOIpuoYyD usIUIg 


BUOIpUoYyy 


dn-Moyjoy ON 


‘Our CT 
TOM pue Sutary 


dn-Mmojpjoy ON “q 
dumys qtr ut 
‘OU F VIUAIINIEY “B 


SOSBISBIOUL 
Areuowyjnd pus 
UWINI[E UL soUeIIND 
“ON “PO V8 pod 
*BULODIeSOIpUOYD 
eq 0} paaoid 
yorya “untyt 
JYyStI Jo 10WIN} Fo 
suojydurds padoyoa 
-op queyed ye 
ase ye ‘ATTRIOT 
aoUdINIGL ON 


r 
t 


‘oul YT 
Ta pues Sutary + 


sutsj1epun vanold 
pue J-G sq jo 
SJUSULSES JO [BAOUIOY 


IOL10}UB 


qysta ‘qi 449 10OuIN J, Ww SF6L 


Ik OT 
eaingtd ‘qtr pue 

easels juooelpe 

‘10uIn} JO WOISTOXM Ik CF 


10119} UB 
qJeT ‘qta pug IOWN |, 
(uory 
-e10d0 4siy 10}zB 
‘OUL J) pajoasar 
vingd ff pue ¢ 
sqti jo suotsod 
WIM poaowmey *q 
ql AJLOL19}UB 
WF JO uorjoosey “ve z “9391 “QU IF 


(‘wexe [Bo 

-ishyd uo 
poe1eaoo 

-SIp) OUON 


IOLI9}UB 
ys ‘sqi 
IF pue pag 


Squl yyP pus pig 
JO suo1ji0d pue 


foun} JO [BAOUIIY 10un y, 


cy 
peaAowWel JOU 
wnipivotied pue 
BINIq “WNUII}s 
yo uoyejynduy 
"10UIN} Wort ABA 
‘Wd G-F SasBlI}ABO 

[ejs09 JO WOLSEY 


(proydry ) 


Ik ZT WNUII}JS IIMO'TT 10wn oe Ww 9FGT 


po010 
pue oddog ‘96 


trAdIBIL 
pues 
19ulOg, "CG 


sgSoUle (* 
pue 
UOS}BM “F6 


crop 
pue 
WOHIOW “86 


og HOlLleyy 

pure 

ques 1c, 
‘AUB "Bb 





SISONDVIG 
S, YOHLAV 


GAWOOLIO NOLLVYAdO 
Ce) 
AYODALVO 


SWOLUWAS | (‘uA) | xGS | YVAA 
IVILINI LASNO 


adv 


LNGAWLVAYL NOLLVOOT 
LSuld 
TTILND 


NOILVaUNd 


NOILLVUAdO 


YOHLOAV 








ad, LNOO—I ATav 





O'NEAL AND ACKERMAN: CARTILAGINOUS TUMORS 89 


Sex: Males predominated in both groups. In the chondrosareoma eases, 
there were thirty-nine males and twenty females. The sex of one patient was 
not stated. Of the chondroma and osteochondroma eases there were twenty-one 
males and fifteen females (65.0 per cent males in Group I and 58.3 per cent males 
in Group IT). 

Symptoms: In forty (66.7 per cent) of the patients in Group I, the first 
symptom was the presence of a tumor mass. In sixteen (26.7 per cent) the first 
symptom was pain, usually of three types: (1) local pain—dull and aching—at 
the site where tumor eventually appeared, (2) pleuritie pain which oceurred 
chiefly in cases where the bulk of the growth was intrathoracic, and (3) neuritie 
pain referred along the distribution of an intereostal nerve. This neuritie pain 
caused confusion in one of our eases (J.W.N.) in which pain from a tumor of the 
twelfth rib was referred to the groin and was thought at first to be renal in 
origin. Some of the reported cases had pain in the right upper quadrant of the 
abdomen and were originally believed to have gall bladder disease. Pain was 
more frequent as an initial symptom in the malignant group where it occurred 
in 26.7 per cent than in Group II where it was present in 11.1 per cent. Most 
of the eases which had pain as the initial symptom developed a palpable tumor 
later, and many of those in which the initial indication of disease was the ap- 
pearance of a mass developed pain as a later symptom. Three cases presented 
no symptoms, but tumor was discovered on routine physical examination or 
chest roentgenograms. Simpson®*! and Denk’? have reported cases in whom 
Horner’s syndrome was present. Many eases, of course, developed dyspnea, 
uleeration, infection in the chest wall, and even empyema, but these are late 
phenomena and need not be considered in the early case. 

There was no essential difference between Group I and Group II in the 
duration of symptoms before the first operation (Table II). Whiie about half 
of the patients presented themselves for treatment in the first two years, more 
than 10 per cent in both groups had symptoms of ten or more years’ duration 
(Table II). 

Physical Examination.—Qn examination, the patients generally presented 
a hard, sometimes nodular tumor that was fixed to the bony chest wall (Fig. 3). 
Occasionally soft fluetuant areas could be felt, particularly in the larger tumors. 

Location.—Hedblom?* 7° and Heuer?® *° found that about 80 per cent of 
all the tumors of the bony thorax arose in the ribs, and 20 per cent in the 
sternum. In the present series of cartilaginous tumors, eighty (83.3 per cent) 
arose in rib and sixteen (16.7 per cent) arose in the sternum. There are no 
significant differences between Group I and Group II regarding site of origin. 
Any rib may be involved without preference for either the upper or the lower 
ribs. There is a predisposition for these tumors to originate in the rib near the 
costochondral junction. Of the eighty rib tumors, eleven were not specifically 
localized. Forty-seven (68.1 per cent) of the remaining sixty-nine tumors were 
loeated near the costochondral junction, eighteen (26.1 per cent) were located 
posteriorly, and four (5.8 per cent) at other points in the shaft of the rib. Of 
the tumors arising posteriorly, most seemed to originate at the angle, and some 
in the head of the rib. 
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TABLE II. SUMMARY OF CLINICAL FEATURES 








GROUP I GROUP II 
CLINICAL FEATURES 60 CASES 36 CASES 
Age at onset of symptoms 
Mean 41.4 years 32.6 years 
Limits 11-74 years Birth-60 years 





Sex 
Male 39 (65.0%) 21 (58.3%) 
Female 20 (33.3%) 15 (41.7%) 
Not stated 1 


Initial symptoms 
Tumor (66.6% ) 
Pain (26.7%) 


( 

Cit, 
Other ( 6.7%) ( 8.3%) 

( 


Location 7.8%) 
Rib : 1.7% (22.2%) 
Sternum 13.3 


80.6% ) 
1 
7 


1%) 


Duration of symptoms until 
first operation 
2 years or less é (56. (50.0% ) 
10 years or more , 3 5 (13.9%) 





Fig. 3.—Patient with a chondrosarcoma of the manubrium. 





O'NEAL AND ACKERMAN: CARTILAGINOUS TUMORS 91 


Most of the sternal tumors were not further localized, but location in the 
manubrium was slightly more frequent than in the gladiolus. Origin in the 
xiphoid seems to be rare. 

X-ray Examination.—Pendergrass, Lafferty, and Horn*! have pointed out 
that the pathologie type of malignant bone tumor cannot be diagnosed with 


Fiz. 4A4.—Surgical specimen (cut surface) of a 15 cm. chondrosarcoma of the 12th rib, 
showing calcification and cyst formation. 


Fig. 4B.—X-ray of specimen shown in Figure 4A. 
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certainty from roentgen examination alone. Although they found a characteristic 
roentgen pattern for sclerosing and osteolytie osteogenic sarcoma and for central 
and peripheral chondrosarcoma, there were cases that were not typical roent- 
genographieally. The distinguishing feature of peripheral chondrosarcomas is 
the presence of large masses arising from bone with irregular spotty flecks of 
calcification (Fig. 4). The central chondrosarcomas are demonstrated as thin- 
walled cavities near the ends of long bones. Irregular scattered foci of ealcifi- 
cation may be seen in the radiolucent cavity. When the thinned-out cortex is 


perforated, there may be ‘‘sun-ray”’ spicules of bone arising from the surface 
of the bone. 





Fig. 5.—Chondrosarcoma of rib presenting in the posterior mediastinum. Note destruction 
of the posterior portion of the 7th rib. 

The majority of our cases were recognized on x-ray examination as being 
primary tumors of rib or sternum, and the majority were termed of cartilaginous 
origin, although one was ealled a periosteal fibrosarcoma and two were called 
osteogenic sarcoma. The chief error in interpretation was in ealling malignant 
cartilaginous tumors benign. This error is probably unavoidable in many cases. 
The two tumors in our series arising from the posterior portion of a rib developed 
in the posterior mediastinum and were considered malignant neurofibromas in- 
vading rib (Fig. 5). Although the usual metastatic carcinoma to bone is osteoly- 
tic, confusion may be expected occasionally from osteosclerotic secondary neo- 
plasms. Osteolytie metastases may sometimes simulate enchondromas. 

Multiple Tumors.—Six instances (Cases 14, 25, 48, 47, 50, 93) of multiple 
cartilaginous tumor appear in this series. The incidence of tumors of the ribs 
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and sternum in patients with multiple hereditary osteochondroma is high, and 
these six cases do not reflect the true incidence, but only those in whom the 
tumor was predominant clinically. Five of the six had malignant chest wall 
tumors, and two (Cases 47 and 93), and possibly one other (Case 50), developed 
a new primary chondrosarcoma at another site. Obviously, all of these tumors 
earnot be removed, but close observation is certainly indicated. 

Differential Diagnosis —Ordinarily the diagnosis of a cartilaginous tumor 
of rib or sternum should not be difficult to make on the basis of history, physical 
examination, and roentgen examination; but roentgen examination may not be 
absolutely diagnostic, and there is often great difficulty in obtaining adequate 
roentgen views of these tumors, particularly small tumors of the sternum and 
the extreme anterior ends of ribs. Fine flecks of calcium, important in differ- 
ential diagnosis, may not be visualized. Other primary bone tumors as well as 
metastatic tumors must also be considered in the differential diagnosis. Cold 
abseesses and aneurysms of the great vessels eroding the chest wall may appear 
as firm tumors and cause confusion temporarily. At Barnes Hospital the most 
common non-neoplastic condition misdiagnosed as chondroma or osteochondroma 
was the effect of trauma. In two instances, malunited costochondral separations 
were resected, and in another case, a malunited fracture of a costal cartilage 
was resected. In yet another case, a large anteflexed but otherwise normal 
xiphoid was operated on with the preoperative diagnosis of osteochondroma. 
Each of these patients presented himself, three of them years after local trauma, 
because of a ‘‘tumor’’ which was believed to be slowly enlarging. Roentgeno- 
grams were obtained in each of these four instances, but the areas in question 
were not sufficiently well visualized to allow the diagnosis of primary bone 
tumor to be excluded. Neurilemmomas and neurofibromas of intercostal nerves, 
especially those growing anteriorly, may simulate primary rib tumor. We have 
seen such a case recently, and Freedlander" has called attention to the possibility 
of misdiagnosis in this circumstance. Low grade osteomyelitis has also been 
mistaken clinically for rib tumor.*' Bronchiogenic carcinoma invading the chest 
wall should be considered in the differential diagnosis. Posterior mediastinal 
tumors of all varieties may cause diagnostic uncertainty, as well as teratomas, 
thymomas, and substernal thyroid lesions anteriorly, particularly if they exhibit 
spotty calcification, as they occasionally do. 

If there is doubt as to the diagnosis, it may be necessary to resort to biopsy. 
Hither aspiration or incisional biopsy should confirm the cartilaginous nature 
of the tumor, but will not necessarily determine whether the tumor is benign or 
malignant. Thoracoscopy*® and artificial pneumothorax have been used as 
diagnostic measures but are probably unnecessary in most cases. 


Gross Pathology.—It is possible to determine the cartilaginous origin in 
most cases on gross examination but, as we have mentioned above, whether or not 
the tumor is benign or malignant cannot be assessed with certainty. The osteo- 
chondromas, so-called, are exophytic lesions in which the bone component is not 
distributed in a disorganized fashion but arranged in lines roughly perpendicular 
to the portion of bone from which it arises. With marked enlargement of the 
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tumor this pattern becomes greatly distorted. The neoplastic portion of this 
tumor is the cartilaginous eap. Enchondromas occur in ribs and sternum and 
present there the same picture as elsewhere. The cortex is thinned and expanded 
at the site of the neoplasm, and the medullary eavity is occupied by the bluish 
or pearl gray nodular tumor. 

It is not possible in many eases to determine whether the tumor began as an 
enchondromatous or eechondromatous lesion, because the portion of the rib of 
origin is often completely destroved. Examples of both types may be seen in 
ribs and sternum. The tumors may reach tremendous size: the largest in our 
series was 15 em. in greatest diameter, and tumors 30 em. in greatest dimension”? 
and the ‘‘size of a child’s head’’!? have been reported. The grapefruit, the 
orange, and the lemon have been common standards of measurement. The larger 
tumors may contain eystie areas of degeneration with the eysts filled with viscid 
mucoid material which may be clear, turbid, or stained with altered blood. 
Often, too, the cysts contain material which has the appearance and the con- 
sistency oi cooked rice. 





Fig. 6.—An ecchondromatous chondrosarcoma of the 10th rib near the costochondral junction. 
The “satellite’’ nodules are pedunculated extensions of the main mass. 


Most of the tumors, even the malignant ones, are encapsulated to some de- 
gree. The portion of the tumor growing in soft tissue ean frequently be ‘‘shelled 
out’’ of its capsule or pseudocapsule. This encapsulation is a treacherous charac- 
teristic, since in enucleating the tumor, satellite nodules or portions of the malig- 
nant perichondrium may be left behind. Satellite nodules are more apparent 
than real inasmuch as if the tumor has not been previously treated, a connection 
between nodule and main tumor may be demonstrated. The satellite nodule 
represents a local growth acceleration of a nodule at the periphery of the main 
tumor (Fig. 6). 

The nodularity of these tumors, and the mosaic pattern seen on cut surface 
oceasioned by the nodularity, is often striking (Fig. 7). The nodules themselves 

















O'NEAL AND ACKERMAN: CARTILAGINOUS TUMORS 95 


are cartilaginous and are separated by thin fibrous tissue septa. The beginnings 
of cystic degeneration may be seen in the center of some of the nodules. In the 
less malignant tumors, the center of the nodules may contain calcific material 
or even bone. 

Adjacent structures may be invaded by tumor and this fact not recognized 
if the invasion is present to only a slight or moderate degree. The advancing 
margin of the tumor, even of the most malignant, is discrete, and the adjacent 
soft tissue (pleura, pericardium, diaphragm, or skeletal muscle) is first displaced, 
distorted, and then invaded. It is often impossible to make the differentiation 
between marked distortion and slight invasion. Reeurrent tumors exhibit the 
same gross characteristics as the primary tumors but may not be attached to 
bone and usually contain less new bone and ealeifie material. 





Fig. 7.—Cut surface of surgical specimen (chondrosarcoma of 9th rib) showing the characteris- 
tic glistening pearly appearance and the gross nodularity. 


Microscopic Pathology.—Microscopically, the osteochondroma appears to 
develop by enchondral bone formation which does not differ a great deal from 
the normal growth of a long bone except that it is less orderly. The differ- 
entiation between an osteochondroma and a chondroma is largely a gross differ- 
entiation, for bone formation simulating enchondral osteogenesis is seen, but 
to a lesser degree, microscopically in most chondromas. The slightly or moder- 
ately malignant chondrosarcomas also sometimes exhibit this phenomenon, but. 
in a lessened degree and a more haphazard manner (Fig. 8). In general, the 
more malignant the tumor, by other criteria, the less the bone formation. The 
stroma may be quite varied in individual tumors and even in different areas 
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of the same tumor. A homogeneous, hyaline, basophilic stroma is most charac- 
teristic, but in softened degenerated areas the stroma may be loose, finely granu- 
lar, and chromophobie. Areas of acidophilic fibrous stroma are uncommon, but 
when found simulate a fibrosarcoma. Differentiation is possible with multiple 
sections, other areas demonstrating chondrosarecoma. 

The appearance of the cells themselves, rather than the pattern of the 
tumor or the character of the stroma, is the most important factor in assessing 
the degree of malignancy. We accept the criteria of Lichtenstein and Jaffe* 
as stated previously ; the benign tumors having regular cells with regular nuclei 
in the active portions, and the malignant tumors having varying degrees of 
nuclear atypism from oceasional plump nuclei and double nuclei to large num- 
bers of such nuclei and malignant giant cartilage cells (Fig. 9). Mitotic figures 


*A ‘ ch 


Fig. 8.—A pattern simulating enchondral osteogenesis in a sternal chondrosarcoma of low 
grade malignancy. 


are not common in cartilaginous tumors, but were seen in two (20 per cent) of 
our eases (Fig. 10). Division by amitosis is the rule. Nuclear atypism is ¢ 
better criterion of malignancy than the cellularity of the tumor. For instance, 
a tumor with the cells widely separate in a hyaline stroma but with a high 
incidence of atypical changes may be more malignant than one in which there 
is little stroma between the cells and a lower proportion of abnormal nuclei. 
The individual cells may be lacunated in hyaline stroma, stellate in mucinous 
stroma, or spindle shaped. 
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Fig. 9.—Photomicrograph showing a cell with two nuclei. When double nuclei are present 
more than occasional numbers, a diagnosis of chondrosarcoma can be made. 


10.—Mitotie figures in a chondrosarcoma. Usually this finding indicates a highly malignant 
tumor. 
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In a number of tumors in our series, the incidence of atypical changes 
varied from one field to another. In one tumor (J.H.I.) malignant change could 
not be identified in the bulk of the tumor, but sections from the edge showed 
definite chondrosareoma. Lichtenstein and Jaffe*? also noted this phenomenon 
of varying malignaney in the same tumor and emphasized the hazards in patho- 
logic interpretation, particularly of small biopsy specimens. 

The terminology applied to these tumors, chiefly on the basis of microscopic 
appearance, has been unnecessarily complex. In the tumors designated as 
myxochondroma and chondromyxosareoma the addition of the qualifying myzo- 
adds little to the diagnosis, since the mucoid substance is not neoplastie but the 
product of degeneration. The nuclei in mucoid areas tend to be pyknotie and 


pe ‘ r 
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Fig. 11.—Photomicrograph of a moderately malignant chondrosarcoma. Note the variation in 
nuclear size. 


fragmented. Similarly, the designation osteochondrosareoma is. unwarranted 
since the bone in these tumors is not neoplastic but the stable product of a 
process resembling enchondral bone formation. All cartilaginous tumors should 
and can be designated as either chondroma or chondrosarcoma for purposes of 
simplification. The term osteochondroma is, however, well established by long 
usage, but it should be kept in mind that the neoplastic portion is the advancing 
cartilaginous cap and not the underlying bone, though the bony portion may 
comprise the bulk of the tumor. The osteoma may be an osteochondroma in 
which the cartilaginous eap has atrophied and disappeared. 

Treatment.—Of the ninety-six cases reported and reviewed here, four were 
not treated because of advanced disease or refusal by the patient to be operated 
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upon. An attempt has been made to classify the treatment of the remaining 
ninety-two cases into five categories, according to the “radicalness” of the 
operation. In a few eases, insufficient information was given to allow classifica- 
tion. The categories are: 
(1) Insufficient information for classification 
(2) Obviously inadequate removal—tumor partially removed 
(3) Removal—Limited operations such as curretting, ‘‘shelling out,’’ 
chiselling tumor off bone, tumor removed piecemeal, tumor rup- 
tured with spilling of contents into wound. 
(4) Resection—Excision of tumor and segment of bone of origin, with 
varying, but limited, amounts of adjacent soft tissue. 
(5) Radical resection—Excision of tumor with segment of rib of origin, 
adjacent ribs, underlying pleura, and overlying skeletal muscle 
en bloc. This is a minimum and further structures may be in- 
cluded in the excision as indicated by the extent of the tumor. 


Fig. 12.—Recurrent chondrosarcoma of the 5th rib invading pectoral muscle, breast, and 
skin following two inadeocuate operations. 

From the reports in the literature, the category of operation has been as- 
signed as nearly as possible (Table I). We freely admit the possibility of 
occasional error. Categories 1 and 2 are self-explanatory. Concerning category 
3, violations of the capsule or pseudocapsule which took place in ‘‘shelling out,’’ 
removing piecemeal, or in accidentally rupturing the tumor, are included because 
of the almost uniformly poor results following these procedures in spite of wide 
resection elsewhere (Fig. 12). Seeding of the wound with tumor cells is sug- 
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gested. Cases in category 4 often had wide resection of the chest wall with 
limited depth to the excision. Because the pleura is in such intimate proximity 
to the involved rib, it is often invaded early and must be removed with the 
block dissection. As early as 1897, Paget*® pointed out the desirability of being 
prepared to enter the pleural cavity and of removing pleura, portions of adherent 
lung, pericardium, and diaphragm when dealing with cartilaginous tumors. 


We feel it is important to remove rather long segments of rib. Although 
Upshaw and his associates®* found that chondrosarcomas do not usually exhibit 
intramedullary extension for more than three inches in the involved bone, reeur- 
rences in the rib stump seem to be fairly common. That marrow extension is 
not the only reason for removing long portions of rib was shown by the case 
of Halpert and Davis”° in which microscopic nodules of tumor were found in the 
periosteum distant from the tumor. The intercostal muscles above and below 
the tumor should also be removed, a procedure executed with least danger of 
transecting tumor nodules by removing segments of adjacent ribs. 

Others** ®* have stressed that radical resection for malignant tumors of 
rib should include the structures outlined in category 5. Of course, the diagnosis 
of malignancy should be assured before undertaking such a mutilating operation, 
but in view of the fact that tumors of cartilaginous origin are either actually 
or potentially malignant, and that the malignant and benign cannot be dis- 
tinguished with certainty on clinical grounds or on the basis of a single biopsy, 
we advocate radical resection for all monostotie cartilaginous tumors arising in 
ribs and sternum. Radical resection of the chest wall can be done with little 
deformity or loss of function compared to radical resection of a lesion of the 
humerus or femur which means the loss of an extremity. Rib is expendable. 
Jaffe and Lichtenstein** reported uniformly good results with curettement of 
solitary benign enchondromas of bone, but their cases were largely lesions of the 
bones of the hands and feet where the propensity to malignancy appears to be 
less than in the chest wall. It is not recommended that curettement be done for 
apparently benign enchondromas of rib or sternum. Wide resection of the chest 
wall should add but little to operative mortality and morbidity, but a great deal 
to insurance against recurrence. 

Adequate radical resection cannot usually be carried out for those tumors 
invading deep into the mediastinum or into vertebrae, but the caprice of indi- 
vidual tumors may allow an occasional cure even under these circumstances if 
resection is as radical as possible. Invasion of lung does not contraindicate 
resection ; portions of involved lung have been** ** ** and should be included in 
the block resection since wide local invasion may occur in the absence of distant 
metastases. Indeed, even before 1894** portions of involved lung were removed 
along with the chest wall at least six times. 

The knowledge of repairing large defects in the chest wall will help insure 
more liberal radical resection. Gangolphe and Tixier’® in 1909 first suggested 
the use of a metallic prosthesis to replace the resected sternum, but this and 
similar devices have not been widely used. To repair a very wide resection of 
the sternum, Kinsella, White, and Koucky* fixed long tibial grafts in the opera- 
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Fig. 13A.—A primary cartilaginous tumor of femur. The entire tumor was relatively 
acellular. A diagnosis of chondrosarcoma was made only by demonstrating a moderate number 
of atypical nuclear changes. 


Fig. 13B.—A pleural metastasis from the tumor shown in 138A. Note the increased cellularity 
the pattern suggesting a fibrosarcoma. 
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tive defect with resulting good stability. Bisgard and Swenson‘ suggest mortised 
rib grafts for the same purpose, but usually such types of repair are not needed. 
Head** resected the manubrium without replacement with no resulting de- 
formity. Richardson®* and Bradshaw and Chodoff* successfully resected the 
manubrium, portions of both clavicles, and both first costal cartilages without 
considerable deformity. Graham’? removed all but the upper half of the ma- 
nubrium, dividing all costal cartilages bilaterally except the first (Case C.D.M.) 
without resultant disability. Heuer?® found the removal of the lower two-thirds 
of the sternum to be functionally ‘‘a minor matter.’’ 

Following chest wall resections for tumors of rib, Watson and James®* used 
fascia lata to assist in the repair of the defect in four eases, with resulting good 
stability and lack of herniation of the lung in all. After a large resection of 
the chest wall, Pickrell and co-workers** successfully placed a split thickness 
skin graft on the pericardium with no ineapacitation to the patient. Janes** 
divided the ribs adjacent to the defect and used these as a pedicled bone graft 
to partially bridge the gap. Maurer and Blades*® concluded from their experi- 
ence with defects of the chest wall occasioned by war trauma that ‘‘any defect 
of the chest wall, regardless of size, can usually be repaired by plastic procedures 
involving only structures which are part of the chest wall, namely rib, perios- 
teum, and muscele.’’ They considered the most important feature of the large 
repair to be the covering of the defect with bone or with periosteum which would 
form bone. 

The only cireumstance in which immediate operation is not recommended 
for chest wall tumors of cartilaginous origin is for the case of multiple carti- 
laginous tumors in which one or more of the tumors are located in rib or sternum. 
These tumors are usually first evident in childhood; after adolescence the rate 
of growth of the benign exostoses slows down, and during adult life no new ones 
form.*? It would seem rational to observe these patients closely and to operate 
on only those tumors that continue to grow, grow at an increascd rate, or appear 
after adolescence: that is, on the tumors most apt to be malignant. 

Roentgentherapy has no place in the primary treatment of chest wall chon- 
drosareomas, and generally achieves little or nothing when administered for 
palliation. 

Results of Operation.—Tables III and IV detail the results of operation in 
all eases. [our patients in both groups were not operated. There were 143 


TABLE III. OUTCOME OF 102 OPERATIONS ON 58 PATIENTS* 
(Group I CASEs) 








NO FOLLOW-UP 
DIED OF DISEASE LIVING AND OR FOLLOW-UP 
DIED OF OPERATION (5 CASES) WELL MORE LESS THAN 
OPERATIONS LIVING WITH RECURRENCE THAN 2 YR. 2 YR. 

Category 24 22 
Category 20 16 
Category ¢ 18 16 
Category 24 16 
Category ¢ 16 8 
Totals 102 78 


*Two cases not operated. 
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TABLE IV. OUTCOME OF 41 OPERATIONS ON 34 PATIENTS* 
(Group II CASES) 








1 


NO FOLLOW-UP 
DIED OF DISEASE LIVING AND OR FOLLOW-UP 
DIED OF OPERATION (2 CASES) | WELL MORE LESS THAN 
OPERATION LIVING WITH RECURRENCE THAN 2 YR. 2 YR. 
Category 5 
Category 3 
Category : 5 
Category 4 20 
Category 5 8 
Totals 41 


*Two cases not operated. 








operations in 92 patients exclusive of biopsies. It is impossible to determine 
“‘eure’’ rates because of the lack of adequate follow-up in many eases. 

In operative categories 3, 4, and 5 the duration of time until reeurrence 
was stated in thirty-two cases: in twenty-six (81.2 per cent), recurrences were 
noted in the first two vears, and of the remaining six, recurrences appeared be- 
tween two and five years in three, and three patients (9.4 per cent) were ap- 
parently well and without evidence of recurrence until eight, nine, and nine 
years following operation. Therefore, a minimum follow-up period of two years 
is necessary to determine outcome in most cases, while follow-up for life is 
probably necessary to determine cure rates for the entire group. Nineteen of 
sixty cases (31.7 per cent) in Group I, and twenty-three of thirty-four cases 
(67.7 per cent) in Group II were followed less than two years. It is very proba- 
ble many of the Group II lesions have since recurred and displayed themselves 
as overt chondrosarecoma. Greater restraint in reporting inadequately followed 
cases is recommended. 

Of the cases reviewed and reported, thirteen patients were living without 
evidence of recurrence for more than two years following attempted curative 
(Category 3, 4, and 5) operation. Six of these thirteen tumors (Cases 11, 16, 
39, 43, 44, and 60) were chondrosarcomas (10 per cent of the 60 chondrosarecoma 
cases) ; and seven (Cases 74, 78, 79, 81, 88, 90, and 93) were classed as benign 
(19.4 per cent of the 36 Group II eases). As shown in Tables III and IV, most 
of these survivors had the benefit of Category 4 and 5 operations. It is signifi- 
cant that three of the apparently cured patients (11, 35, and 88) were operated 
for recurrence and were alive and well nine years, eight years and six years and 
ten months, respectively, following the second operation. 

Two additional patients (Cases 13 and 89) were reported living and well 
for nine years and five years following inadequate (Category 2) operation. 
This is inexplicable except by assuming that judgment about the operation was 
incorrect or that quiescent or slowly growing tumor still lurks undetected by 
clinical examination. 


There were no outstanding clinical differences regarding sex, duration of 
symptoms, or location between the thirteen survivors and the group as a whole 
(10 rib, 3 sternum). The age at onset of symptoms averaged about four years 
younger than that of the entire group. 
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EVOLUTION 


Natural History.—It seems certain that chondrosarcomas may arise from 
pre-existing chondromas and osteochondromas, although the majority are clini- 
cally malignant from the start. The development of the tumor from benign to 
malignant has been traced pathologically.** The tendeney to underdiagnose these 
tumors has made the evaluation of this point very difficult. Furthermore, al- 
though Harper*' has emphasized the impossibility of determining clinically when 
a benign tumor changes into a malignant tumor, in most of the eases in which 
chondrosareoma was thought to arise in a pre-existing benign tumor, the basis 
of the assumption was on clinical grounds. That is, a tumor present for many 
years with a steady slow rate of growth began to enlarge more rapidly, and 
malignant change was thought to have taken place. Many cartilaginous tumors 
develop in this manner, and perhaps the inerease in growth rate is a logarithmic 
expression of the growth pattern of a tumor actually malignant from the start. 
Even those cases of chondrosareoma in which an earlier microscopic diagnosis of 
benign tumor was made eannot always be used to prove malignant change, be- 
eause the all important nuclear atypism may be overlooked or improperly 
evaluated. Some tumors demonstrate varying degrees of differentiation, and 
sections may not include the more malignant part. Three of our tumors were 
originally called chondroma, but on review of the original slides it was evident 
that chondrosarecoma was present at that time. Recurrences often appear 
histologically more malignant than the initial tumor,** *7 4° but this phenomenon 
is not a consistent finding. We examined tissue from four patients on two or 
more oceasions over periods from two to nine years. In one instance the histologic 
degree of malignancy increased, and in the remaining three the recurrences were 
histologically identical to at least parts of the original tumor. 

Metastases are uncommon and occur as a late phenomenon and then often 
after several local recurrences. The metastases may appear more malignant than 
the primary tumor and even resemble a fibrosarcoma (Fig. 13A and B). In 
only one of our eleven cases was a metastasis to the lung evident on initial 
examination. Metastases are usually hematogenous, but may be due to seeding 
of the pleura, as Churehill® suggested regarding Case 28 in which nodules in the 
pleura appeared following a lobectomy for metastatic chondrosarcoma. The lung 
is the commonest site of hematogenous metastases; metastases to the epidural 
space ranks second in the reported cases, suggesting extension via the inter- 
costal veins to the vertebral veins. 

Roberg®’? coneluded that chondrosarcomas of the distal portions of the 
extremities were inherently more favorable lesions than those more proximally 
located, and that as the site of the tumor approached the axis the malignancy 
was greater. We do not necessarily agree that this is a biologie phenomenon of 
chondrosarcomas. The more unfavorable prognosis of a chondrosarcoma as it 
approaches the axis can be partially explained by the increasing technical 
difficulties of its surgical removal and the greater reluctance on the part of 
the’surgeon to perform a radical procedure. Further indication that Roberg’s 
thesis may be correct, however, is found in Jaffe’s** report of patients with 
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multiple hereditary exostoses. In his three cases (out of 28 patients who had 
multiple tumors) that developed chondrosarcoma, the malignant tumors were 
located in a relatively central position: ilium, rib and sacrum. Confirmation 
of this point awaits a study of long term follow-up in many patients with 
cartilaginous tumors of all sites. 

It has often been said?" *? that an incomplete operation greatly accelerates 
the rate of growth of a chondrosareoma, but we found that many in this series 
had exhibited an increasing rate of growth before operation. Thirty patients 
who survived operation but were not cured of disease were followed until death 
or for long periods while living with recurrence. Eighteen of these (60 per cent) 
were dead within the fifth vear after the onset of symptoms and seven (23.3 
per cent) lived for ten years or longer, two of whom lived with persistent 
chondrosarcoma for twenty-eight years. 

Prognosis.—The evaluation of prognosis entails the consideration of many 
factors. Chief among these are the type of operation and the pathologie nature 
of the tumor. In certain of our cases dying of disease, it is possible in retrospect 
to assess certain pathologie features which are of prognostic significance. We 
realize the hazards of such conclusions in a small series and appreciate that such 
prognostic assessment is only approximate. Table V illustrates this. 

The presence of mitoses is the gravest sign and is associated with rapid 
growth and extension ; in our small series the two cases presenting mitotic figures 
were the only two in which evidence of distant metastases was found either 
initially or later. The life span of the patient is also directly proportionate, in 
a fair number of cases, to the incidence of plump nuclei and double nuclei. The 
presence of bone, especially demonstration of a simulation of enchondral bone 
formation, implies some degree of differentiation. Actually the patients who 
demonstrated this lived longer even though uncured. In this respect it should 
be remembered that the tumor must be judged by its most malignant part, and 
the finding of an area of tumor cartilage forming bone by enchondral bone 
formation is not compatible with a good prognosis if another area is highly 
malignant in its microscopic appearance. 


TABLE V. FEATURES OF PROGNOSTIC SIGNIFICANCE 








HIGHLY MODERATELY LOW-GRADE 
MALIGNANT MALIGNANT MALIGNANCY 


Mitotie figures present not found not found 





Multinucleate giant cells present rare not found 
Plump nuclei and double high incidence frequent low incidence 
nuclei 
Enchondral bone formation not found not found or frequently 
bizarre and present 
disorganized 
Prognosis 
a. possibility of cure with very poor fair good 
radical operation 


b. survival uncured <5 years +5 years >5 years 
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CONCLUSIONS 


1. The clinical aspects of cartilaginous tumors of ribs and sternum are 
reviewed and eleven cases of chondrosarcoma are added to those found in the 
literature. In the past, poor results have resulted from treatment of cartilaginous 
tumors, partly because of failure to appreciate the nature of these tumors, and 
partly from a tendeney to surgical conservatism. 


2. Cartilaginous tumors of ribs and sternum are either actually malignant or 
potentially malignant to a high degree. The preoperative differentiation between 
benign and malignant cartilaginous tumors cannot be made with certainty. 

3. The histologic criteria of malignancy in cartilaginous tumors, as estab- 
lished by Jaffe and Lichtenstein, are valid when applied to tumors of ribs and 
sternum. Prognostic evaluation is possible on the basis of histologie findings 
provided adequate radical resection is done. 

4. Adequate radical resection of chondrosarcomas arising in ribs and 
sternum entails removal of a long segment of bone of origin, its periosteum, 
adjacent muscle, underlying pleura, and usually adjacent bony structure. 
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CLAMPS FOR END-TO-END ANASTOMOSIS OF BLOOD VESSELS 


BERNARD C. CHARBON, M.D.* 
Cuicago, ILL. 


INCE Crafoord performed the first successful operation for a coarctation of 

the aorta in 1944, several clamps have been devised to make this operation 
a safer and easier procedure. The clamps devised by Bradshaw and later by 
Potts have accomplished much in this respect. The instruments described herein 
have definite advantages and have proved to be very satisfactory in our hands. 





Fig. 1. 


These clamps were made by a machinist from two straight Kelly clamps. 
Two longitudinal grooves were cut over the transverse grooves in the jaws, 
resulting in three rows of small teeth. The shank of the clamp was bent, as 
illustrated, so that the ratchet could be replaced by a thumb serew (A). The 
jaws of the clamp were made slightly convex so that equal pressure would be 
exerted along their entire length when the clamp was applied to the aorta. 
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To eliminate the tedious and difficult job of holding the vessel ends in the 
correct position during the performance of the anastomosis, a small vise was 
made to hold the clamps in place. The parts of the vise, which were made of 
brass, may be seen in Fig. 2. 

After the vessel has been mobilized, both clamps can be applied and tight- 
ened with a thumbscrew (A) sufficiently to stop pulsations. The vessel will then 
remain secure in the clamps and the coareted area may be resected. 





The clamps are then placed and locked in the vise by tightening the screw 
(C). A small brim (£) prevents the clamp from slipping out. 

While the vessel ends are still separated, a stitch may be placed at opposite 
points of the anastomosis and tied after the clamps are approximated and locked 
with screw (B). The application of the remaining sutures is not difficult when 
the ends of the vessels are maintained steadily in the proper relationship by the 
previously described apparatus. The posterior row can be made after the 
clamps and vise are turned over (as one piece) to the other side. 

After the anastomosis is completed, the vise is removed. The distal clamp, 
followed by the proximal clamp, is slowly released by unscrewing the thumb- 


serew (A). 





